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ABSTRACT

A nodern power plant requires that a very diverse m xture of

t echnol ogy and hardware conbine to form uni que systens. These
systens nust then be integrated and devel oped into a conplete
power plant. By understandi ng these individual systens, plant
personnel are better able to performthe correct operation and
mai nt enance procedures needed to run a plant efficiently and
safely.

Thi s handbook was devel oped for personnel who work in the field
perform ng operation and nmai ntenance work on equi pment. It
shoul d be used along with manufacturers' literature to gain a
better understanding of the different types of equipnent
avai l able within the power plant.
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FOREWORD

This mlitary handbook is approved for use by all departnments and
agenci es of the Departnent of Defense.

Beneficial coments (recommendations, additions, deletions) and
any pertinent data which nmay be of use in inproving this docunent
shoul d be addressed to: Conmmander, Atlantic D vision, Naval
Facilities Engi neering Command, Code 161B, 1510 G| bert Street,
Nor fol k, VA, 23511-2699, tel ephone comrercial (804) 322-4625, by
usi ng the sel f-addressed Standardi zati on Docunent | nprovenent
Proposal (DD Form 1426) appearing at the end of this docunent or
by letter or by e-mail to harperwu@fdl ant. navfac. navy. m|.

The purpose of this publication is to provide practical

i nformati on on the equi pnment operation and mai nt enance of central
heati ng and power plant facilities. It is primarily directed to
the personnel in the field who actually supervise and performthe
operations and the nai ntenance worKk.

Al t hough the general subject of steam and power is highly
technical, this publication has been witten in nontechni cal

| anguage, brief and direct, so that the reader will have the
basic information required for the intelligent handling of field
si tuati ons.

This publication has been witten, not only to be read, but nore
inportant, to be used. To obtain maxi num benefit, it should be
consulted together with the equi pnment manufacturers' instruction
manual s, parts lists, and drawings. Mich of the data contai ned
herein has originated at activity |level and represents the actual
experiences of field personnel. 1In addition, the |atest

i nformati on operation and nmai nt enance procedures have been
col |l ected and i ncl uded.

TH' S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR
PROCUREMENT OF FACI LI TIES CONSTRUCTION. I T IS TO BE USED I N THE
PURCHASE OF FACI LI TI ES ENG NEERI NG STUDI ES AND DESI GN ( FI NAL
PLANS, SPECI FI CATI ONS, AND COST ESTI MATES). DO NOT REFERENCE | T
IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT
DOCUMENTS.
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Section 1: | NTRODUCTI ON

1.1 Scope. The purpose of this handbook is to provide
i nformati on and gui dance on installation, operation, and

mai nt enance of U.S. Navy central boiler plant equipnent.
Efficient plant operation beconmes nore inportant with each
increase in cost of fuel and equipnent. The central plant
operator has an inportant job in achieving and maintaining
maxi mum ef fici ency of plant operation. Information and gui dance
in this handbook should be reviewed as a first step toward
achieving efficient plant operation. Consult manufacturers’
literature to obtain information specifically related to your
pl ant .

1.2 Application. The primary purpose of a central boiler
plant is to economcally produce energy for distribution. This
energy may be in the formof steam hot water, or occasionally,
conpressed air or electric power. A distribution systemis
necessary to carry this energy to buildings, hospitals, kitchens,
and | aundries where it is used for heating, cooling, process,
sterilization, and production of donestic hot water. Condensate
or hot water is returned to the central boiler plant where it is
reheated in a boiler and returned to the distribution systemto
be recycl ed.
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Section 2: CENTRAL BO LER PLANTS

2.1 | ntroduction. The purpose of this handbook is to
provi de informati on and gui dance on installation, operation, and
mai nt enance of U.S. Navy central boiler plant equipnent. This
handbook is generic in nature because it is intended for use in
Navy shore steanfheating plants. It is limted to basic theory
and concepts, typical equipnent, generally accepted operating
procedures, proven nmaintenance principles, and practices common
to nost installations.

2.2 Ceneral Considerations. The primry purpose of this
manual is to informand guide the plant staff in operation and
mai nt enance of the overall plant and associ ated equi pnent;
ranging fromsmall sensitive instrunments to rugged punps and
boilers. This manual neets the needs of both plant operators and
mai nt enance staff by providing a better understandi ng of the

i nner wor ki ngs and purpose of every piece of equipnment. Wth a
comon under st andi ng, each di scipline can communi cate well and
assi st each other to achieve efficient and reliable plant
oper ati ons.

It is essential that each plant have in place al
mat erial from manufacturers pertinent to specific itens of
equi pnrent. Identical plants do not exist, consequently one
manual cannot be witten to neet the conpl ete needs of al
pl ants. Most maj or manufacturers publish informative books,
bookl ets, bulletins, or panphlets dealing with their products.
They are in a wide range of physical sizes fromsmall pocket
books to encyclopedias. |In addition, there are several therma
pl ant oriented books, panphlets, and periodicals avail abl e.
These publications can provide viable, up-to-date information on
central heating plant equipnent and should be available to the
pl ant staff.

2.2.1 Types of Central Boiler Plants. Energy for heating or
process use is generally produced in one of three forns:

a) Low tenperature water (LTW (up to 250 degrees F
and | ess than 160 psig)

b) High tenperature water (HTW (pressure exceedi ng
160 psig and/or tenperature exceeding 250 degrees F)

c) Mediumtenperature water (MW (200 to 300 degrees
F and 150 psig to 300 psig), i.e., overlaps ASME ranges for LTW
and HTW generators
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The type of central boiler plant depends upon

requi renents of the specific installation. For applications

i nvol ving only space heating and donmestic water, a LTWplant is
generally sufficient. |If steamis required for |arge process

| oads or electric generation, a steam plant nust be constructed.
For nost other installations, an econom c eval uati on nust be
performed to conpare the costs of a HTWsystemto those of a
steam system Such an eval uation usually shows the HTWplant to
be nore econom cal. The follow ng paragraphs provide a brief
conpari son of the major types of central heating plant systens.

2.2.2 Conpari son of Hi gh Tenperature Water and Steam Mj or
advant ages of HIWand MIWsystens result fromthe cl osed-Ioop
distribution system The closed-1oop systemrecycl es unused
energy in the water which results in very small system water

| osses. By conparison, steamdistribution systens include
condensate return systens with potentially significant energy and
wat er | osses due to steam flashing, defective traps, defective
pressure reducing val ves, pipe |eaks, and unreturned process
steam Advant ages of HTWand MIWsystens are further discussed
in the foll ow ng paragraphs.

2.2.2.1 Energy Losses Froma Steam System Figures 1 and 2
illustrate the heat bal ance at a heat exchanger for a 100-psig
and 15-psi g steani condensate system respectively. Wen 100-psig
steamis supplied to a heat exchanger, condensed water is at a
tenperature of 338 degrees F and contains 26 percent of the
energy originally supplied in the steam \Wen condensate

di scharges fromthe trap, 13 percent of the water flashes to
steam and the remaining condensate is at a tenperature of 212
degrees F. \When 15-psig steamis supplied, condensed water
contains 19 percent of the original energy at a tenperature of
250 degrees F. \Wen condensate discharges fromthe trap, 4
percent of the water flashes to steam Energy |osses and nakeup
wat er requirenments of the | ow pressure systemare thus | ower,
maki ng the | ow pressure system preferable if a steamsystemis
used.

2.2.2.2 Pressure Reduci ng Val ves and Vent Condensers. The
pressure reducing val ve supplies the heat exchanger wth | ow
pressure steam thus mnimzing flash losses. |If a vent
condenser is not supplied, flash-off steamis lost. |[If a portion
of condensate is not returned to the central boiler plant for any
reason, the portion of energy remaining in the condensate is

| ost. For exanple, if a 100-psig system has 20 percent
condensate | oss, 5.2 percent (0.20 x 0.26 = 0.052) of total
energy produced is wasted. In addition, 20 percent treated
makeup water is needed to keep the system operating.
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Figure 1

100- psi Steam Heat Bal ance
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Figure 2
15- psi St eam Heat Bal ance

2.2.2.3 Heat Bal ance for a Hi gh Tenperature Water (HTW System
Figure 3 illustrates a heat bal ance for a HTWsystem at a heat
exchanger. It is informative to conpare the high tenperature
wat er systemwi th a 100-psig steam system |In both cases, 1,125
pounds of water is heated from50 to 140 degrees F by the heat
exchanger. The HTWsystemreturns 56 percent of energy input to
t he heat exchanger while the steam systemreturns 14 percent.
The HTW system does not have steam flashing | osses or condensate
| osses. The HTWsystemis clearly a nore efficient neans of
distributing energy froma central boiler plant, if process
requi renents of the systemare such that it is applicable.

Appendi x A provi des heat bal ance cal cul ati ons expl ai ni ng t hese
nunbers.

2.2.2. 4 Corrosion. A mjor advantage of the HTWcl osed- | oop
distribution systemis an inherent reduction in distribution
system corrosion as conpared to steam condensate distribution
systens. Mai ntenance, pipe replacenent, and energy costs
associated wth line | eaks are thereby reduced, resulting in a
significant savings.
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Figure 3
Hi gh Tenperature Water Heat Bal ance

2.2.2.5 Stored Thernmal Energy. The |arge anmount of stored
thermal energy in HTWand MIWdi stri bution systens allows for
nore effective response to short-duration peak | oad requirenents.
Boil er | oad swings are reduced, and nore accurate conbustion
control is possible. HIWand MIWplants are generally sized for
peak | oads 10 to 20 percent |less than steam pl ants because of
stored thermal capacity in the system

2.2.2.6 Safety. HIWsystens are safer than steam |If a line
ruptures, stored thermal energy in the water is dissipated by
accelerating the water to higher velocities and flashing it to
steam A fine spray of 180 degree F water occurs, ending 1 to 2
feet fromthe rupture. The anount of energy exiting a ruptured
HTWline is only 5 to 10 percent of the energy exiting a ruptured
steam line of the same size.

2.2.2.7 Water Treatnent. Due to |ow nakeup water requirenents,
the capacity of a water treatnment systemfor an HTWand MIW pl ant
is asmll fraction of that required for a steamplant. This
provi des cost savings in equi pnent, maintenance, and chem cal use
requi renents. Steamplants require nore conpl ex water treatnent
systens, including a deaerator (not required in HTWor MW

pl ants) to provide oxygen-free water. |f not carefully
controlled, the deaerator can vent steam resulting in energy

| osses. Steamboilers also require blowdown to maintain

6
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acceptable water quality, which contributes to nmakeup water
requi renents and plant energy |osses. Less blowdown is needed
(or not required at all) in a hot water boiler.

2.2.2.8 Loss of Steam Pressure and Quality. If distribution
lines are long, significant reductions in steam pressure and
quality (100 percent quality = 100 percent steam 90 percent
quality = 90 percent steam and 10 percent liquid water, etc.) can
occur due to line friction and heat | osses.

2.2.3 Low Tenperature Water (LTW. LTWplants have the basic
advant ages of HIWplants relative to steamplants. |In addition,
the | ower system pressure associated with LTWprovi des a cost
advant age due to the |l ower pressure ratings required for boilers,
accessories, and piping. However, LTWplants cannot provide
energy at tenperatures required for many process, hospital, and

| aundry applications, thus elimnating themfrom consideration
for many installations.

2.3 Equi prent. A central boiler plant is conprised of 10
maj or categories of equi pnent, as described bel ow.

2.3.1 Heat - Absor bi ng Equi pnment. Heat (energy) from
conmbustion of fuel is transferred to boiler water to generate
steam or hot water in the furnace and generating sections of the
boil er. Econom zers are sonetines provided to recover heat from
boil er flue gases (products of conmbustion) and transfer it to the
feedwater. Heat fromflue gases can al so be absorbed by air
heaters for transfer to conbustion air before it enters the
furnace through the burner or stoker grate. Plant efficiency is
closely related to ability of the boiler, econom zer, or air
heater to absorb heat fromthe products of conbustion.

2.3.2 Fuel - Handl i ng Equi pnrent. Coal - burning plants require
facilities for storage of coal, and equi pnent for noving coal to
storage and reclaimng and transferring it at the boiler.
Provisions are usually nmade to nove coal directly fromthe
delivery point to the boiler. Mechanical, pneumatic, or
hydraul i c ash renoval systens are necessary in coal-burning

pl ants to dispose of ash fromthe boiler, stoker, and dust
col l ector hoppers. QIl-burning plants require one or nore oi
storage tanks with associated transfer punps, tank heaters,
connecting piping, tank lever neters, flow neters, and day
tanks. Punping equi pnent and piping to burners will be required
and oil heaters nmay be required dependi ng upon oil used. Ash
renoval equi pnent may be required in sonme cases. (Gas-burning
plants will have a gas pressure reducing station (shutoff valve,
strainer, pressure reducing valve, safety relief valve, and gas
meter) to reduce incomng line pressure required in distribution
pi pi ng and burners.
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2.3.3 Conmbusti on Equi pnent. Conbustion equi pnent for oil and
gas firing consists of safety shutoff valves, safety devices or
interlocks, control valves, and burner(s). The function of the
burner is to ignite and burn fuel by efficiently and conpletely
mxing it with conbustion air in the furnace. Coal may be fired
manual |y on grates or automatically by stokers, or burned in
suspension in a pulverized furnace or fluidized bed.

2.3. 4 Air-Handl i ng Equi prent. To achi eve efficient
conbustion of fuel, the anmount of air delivered to the burner or
st oker nust be properly matched to the anmount of fuel. Forced

draft (FD) fans with associated control danpers are used to
provi de conbustion air. Overfire air and reinjection fans for
stokers and primary air fans for pulverizers may al so be

requi red. Induced draft (ID) fans are used to pull flue gas from
t he furnace through the boiler bank and any ductwork, econom zer,
air heater, or dust collector provided.

2.3.5 Controls and Instrunentation. Since operator safety
and protection of the boiler are of great inportance, boiler
feedwater controls and burner safety controls are required to
guard against failures due to | ow boiler water or expl osion.
Conmbustion controls regulate fuel and airflow to maintain
efficient conbustion. The high price of boiler fuel which
justifies inproved conbustion controls also justifies use of
recorders and neters to nonitor conbustion and ensure optimm
pl ant operati on.

2.3.6 Pol | uti on Control Equi pnent. Conbustion of fuel may
generate a variety of pollutants in excess of limts set by

regul atory agencies. Mjor pollutant em ssions of present
concern are particul ates, carbon nonoxide (CO, oxides of sulfur
(SQ;), and oxides of nitrogen (NQ). Use of a fuel |lower in ash
or sulfur content and nodifications to the conbustion process can
be effective in reducing these emssions. |If these fuels are too
expensi ve or conbustion nodifications are only partially
effective, pollution control systens can also be used to bring
em ssions within acceptable limts. Typical pollution control
systens are nechanical collectors, fabric filters, electrostatic
preci pitators, wet scrubbers, flue gas recirculation, and tal

st acks.

2.3.7 Water Treatnent Systenms. NAVFAC MO 225, Industri al
Water Treatnent, provides thorough coverage of water treatnent
subj ects and should be referenced if greater detail is required.

Proper water treatnent prevents scale formation on interna
surfaces of the boiler and reduces boiler and distribution system
corrosion. Water treatnent is often a conbination of externa
and internal techniques. External water treatnent includes
renmoval of suspended matter with clarifiers and filters;

8
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reduction of water hardness with [ime or zeolite softeners or

dem neralizers; and reduction of corrosive gases with deaerators.
I nternal water treatnment involves injection of chemcals directly
into the boiler to control any inpurities remaining after

external treatnent. These chem cals include caustic to aid

preci pitation, phosphate for hardness renoval, and dispersants to
aid precipitate renoval by bl owdown. Specific equipnent is also
requi red for boiler blowdown systens and testing purposes to
monitor and maintain a functional water treatnent system

2.3.8 Wat er Supply Equi pnent. Feedwater is supplied to steam
boil ers by means of centrifugal or reciprocating punps.
Centrifugal punps are also typically used to circul ate water

t hrough HTWboilers and their associated distribution systens.

2.3.9 Di stribution Systens. Energy produced in the central
boil er plant, whether in the formof steamor hot water, nust be
transferred to other buildings through a distribution system

The distribution systemal so returns unused energy in the form of
hot water or condensate to the central plant for recycle. The

di stribution system consists of insulated, weatherproofed

pi pelines, valves, punps, regulators, and heat exchangers. Steam
systens al so include traps and condensate handling equi pnent.

2.3.10 M scel | aneous. Each central boiler plant has its own
uni que set of maintenance tools and spare parts inventory; an
el ectric power distribution system air conpressors; and

emer gency generator sets.

2.4 El ementary Conbustion Principles

2.4.1 Fossil Fuels. Fossil fuels are derived fromremains of
pl ant and ani mal organisnms. These organi sns used carbon di oxi de
(CO), mnerals, water, and energy fromsunlight to grow. Over
mllions of years this material accunul ated and ori gi nal

car bohydrates and other organic materials were buried and
converted to hydrocarbon or fossil fuels we use today. These
fossil fuels are found in solid, liquid, and gaseous form

2.4.1.1 Coal. Coal is a solid fossil fuel. Characteristics of
coal are directly affected by age, since the plant matter from
which it was fornmed first changes to peat, then with sufficient
heat, pressure, and tinme to brown coal or lignite, subbitum nous
coal, bitum nous coal, and finally anthracite - the ol dest of
coals. |If anthracite were submtted to additional pressure and
heat, graphite and eventual |y di anonds woul d be produced.

In the United States, lignite is found primarily in
Nort h Dakota, Montana, and Texas, wth proven reserves of 447
billion tons. Subbitum nous coal is found in Mntana, Wom ng,

9



M L- HDBK- 1125/ 1

Washi ngton, and Al aska with proven reserves of 437 billion tons.
Bi tum nous coal is found in at |east 28 states with proven
reserves of over 800 billion tons. Anthracite is found in
Pennsyl vani a, Al aska, Arkansas, and Virginia wth proven reserves
of 25 billion tons. Because of its w despread availability and
subsequently | ower transportation costs, bitum nous coal is nost
frequently used. Table 1 outlines the classification of coals as
given by the Anerican Society for Testing and Materials (ASTM
D388, Standard O assification of Coals by Rank. This standard
establishes ranges for fixed carbon, volatile matter, and heating
val ue for each class and group of coals.

Coal is a highly conplex fuel. Mst of its heating
val ue exists in the formof carbon, which is present in two
forms, fixed carbon and volatile matter. Volatile matter
consists of easily gasified carbohydrates and hydrocarbons. The
rel ati onship between these two forns of carbon is one of the
primary factors in determning howreadily a particular coa
burns. Coal anal yses may be provided in one of two forns,
proxi mate and ultimate. A proximte analysis includes noisture,
volatile matter, fixed carbon, ash, and sulfur on a percent by
wei ght basis. An ultimte analysis includes noisture, carbon,
hydr ogen, sulfur, nitrogen, oxygen, and ash. These anal yses nmay
be given on either an as-received or dry basis, or occasionally
on a noisture and ash free basis. Coal is also analyzed for
heating value, in British thermal units per pound (Btu/lb), and
sonetimes for ash chem cal analysis and fusion tenperatures.
Ash-fusion tenperatures are inportant because they are related to
sl ag and ash deposits which can cause operational problens within
the boiler or furnace.

2.4.1.2 Gl. Ol is aliquid fossil fuel, nornmally found far
underground (to a depth of 5 mles or nore). QI and natural gas
are as old or older than coal and are products of marine plants
and organi snms which were buried and transfornmed by bacteria and
chem cal action into conplex hydrocarbons. G| and gas noved

t hrough the sedinmentary rock in which it was buried until it was
trapped in pockets below solid rock. 1In general, the deeper in
the ground oil and gas are found, the higher their age and
quality. G| we burn today can cone from paraffin base, asphalt
base, napht hene base, or m xed base crude oil. This oil is
refined by fractional distillation at |ow tenperatures and
pressures to separate light ends (straight run No. 1 and No. 2
oil) fromheavier residual oil. Residual oil may be further
processed by cracking, catalytic reformng, or other processes to
produce lighter oils such as cracked No. 2 distillate. Cracked
oil contains nore olefinic and aromati c hydrocarbons and is nore
difficult to burn than paraffinic and napht heni ¢ hydrocarbons
found in straight run oil. Fuel oils are defined in ASTM D396

St andard Specification for Fuel Gls. Table 2 establishes limts

10
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for many of the key properties of fuel oil for various standard
grades. Table 3 defines a range of analysis for different grades
of fuel oils. For additional information on fuel oils and

speci al circunstances, refer to NAVFAC MO 911, Utilization of
Navy- Cenerated Waste O |ls as Burner Fuel and NAVFAC M- 230,

Mai nt enance Manual Petrol eum Fuel Facilities.

Table 1
Cl assification of Coal

d ass

G oup

Fi xed Car bon
Limts, Percent
(Dry, Mneral -

Matt er-Free

Basi s)

Vol atile Matter
Limts, Percent
(Dry, Mneral -
Matt er-Free
Basi s)

Calorific Val ue
Limts, Btu Per
Pound ( Moi st,
M neral - Matter-
Free Basis)

Equal
or Less
Greater Than
Than

Equal

G eater or
Than Less

Than

Equal
or Less
Greater Than
Than

I. Anthracitic

Met a-
anthracite

. Anthracite

Sem -
anthracite

98

92 98
86 92

2

2 8
8 14

I'l. Bitum nous

Low

vol atile

bi t um nous
coal

Medi um

vol atile

bi t um nous
coal

Hi gh
volatile A
bi t um nous
coal

Hi gh

vol atile B
bi t um nous
coal

Hi gh
volatile C
bi t um nous
coal

78 86

69 78

69

14 22

22 31

31

14, 000
13, 000

14, 000

11, 500
10, 500

13, 000
11, 500

I1l. Sub-
bi t um nous

Sub-

bi t um nous
A coal

Sub-

bi t um nous
B coal

Sub-

bi t um nous
C coal

10, 500 11, 500

9, 500 10, 500

8, 300 9, 500

IV. Lignitic

Lignite A
Lignite B

6, 300 8, 300

6, 300

11
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Table 2
St andard Specification for Fuel Gls
Car bon Distillation
Wat er .
Fl ash Pour and Resi due Ash Tenper at ur es,
Poi nt Poi nt Sedi ment on 10 Wei ght °C (P
G ade Per cent 9
°C °C Vol (percent
of (°F) (°F) (percent Bot t oms 10 90 .
Fuel ) (per)cent ngicﬁtm Per cent Poi nt
M n Max Max Max Max Max M n Max
No. 1 38 -19 0. 05 0.15 - 215 - 288
Distillate (100) (0) (420 (550)
No. 2 38 -6 0. 05 0.35 - - 282 338
Distillate (100) (20) (540) (640)
No. 4 55 -6 0.50 - 0.10 - - -
Li ght (130) (20)
Resi dual
No. 5 55 - 1.00 - 0.10 - - -
Li ght (130)
Resi dual
No. 5 55 - 1.00 - 0.10 - - -
Heavy (130)
Resi dual
No. 6 60 - 2.00 - - - - -
Heavy (140)
Resi dual
G ade Saybol t Specific Copper Sul fur
of Vi scosity, 5 Gavity Strip (percent)
Fuel 60/ 60°F Corrosio
Uni ver sal Fur ol (Degree n
at 38°F at 50°C API)
(100°F) (122°F)
M n Max M n Max Max Max Max
No. 1 - - - - 0. 8499 No. 3 0.5
Distillate (35 min)
No. 2 32.6 37.9 - - 0.8762 No. 3 0.5
Distillate (30 min)
No. 4 45 125 - - - - -
Li ght Resi dual
No. 5 125 300 - - - - -
Li ght Resi dual
No. 5 300 900 23 40 - - -
Heavy Resi dual
No. 6 900 9000 45 300 - - -
Heavy Resi dual
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Tabl e 3
Range of Anal yses of Fuel Qs
G ade of Fuel Ol No. 1 No. 2 No. 4 No. 5 No. 6
Wei ght, percent:
Sul fur 0.01-0.5 0.05-1.0 0.2-2.0 0.5-3.0 0.7-3.5
Hydr ogen 13.3-14.1 11.8-13.9 10. 6- 13. 0* 10. 5-12. 0* 9.5-12. 0*
Car bon 85.9-86.7 86.1-88. 2 86. 5- 89. 2* 86. 5- 89. 2* 86. 5- 90. 2*
Ni t rogen Nil-0.1 Nil-0.1
Oxygen
Ash - - 0-0.1 0-0.1 0.01-0.5
Gavity:
Deg API 40- 44 28-40 15- 30 14- 22 7-22
Specific 0. 825-0. 806 0.887-0. 825 0. 966-0. 876 0.972-0.922 1. 022-0.922
Lb per gal 6.87-6.71 7.39-6.87 8.04-7.30 8.10-7.68 8.51-7.68
Pour Point, F 0 to -50 0to -40 -10 to +50 -10 to +80 +15 to +85
Vi scosity:
Centi st okes 1.4-2.2 1.9-3.0 10. 5- 65 65- 200 260- 750
@ 100F
SUS @ 100F - 32-38 60- 300 - 45--300
SSF @ 122F - - - 20- 40
Wat er & sedi nent, - 0-0.1 tr to 1.0 0.05-1.0 0.05-2.0
vol %
Heati ng Val ue:
Btu per |b, 19, 670- 19, 170- 18, 280- 18, 100- 17, 410-
gr oss 19, 860 19, 750 19, 400 19, 020 18, 990
(cal cul at ed)

*Esti mat ed.
Note: To obtain Btu/gal, multiply heating value by density:
(Btu/lb) (lIb/gal) = Btu/ga

Knowi ng the grade and specifications of an oil is only
a start toward understanding its handling and conbusti on
characteristics. Because sulfur limts are often inposed on fuel
oil, refiners and distributors nmay blend different oils to neet
sulfur Iimts. For exanple, low sulfur No. 4 oil could be a
bl end of |ow sulfur No. 2 and high or nediumsul fur No. 6 oil.
Probl ens associated with blended oils may include w dely varying
vi scosity, sludge precipitation, and stratification of different

13
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conponents. Fairly recent problens have been related to No. 4

oil refined frominported paraffin base crude. Paraffin wax from
oil can plate out and clog strainers, even though oil is fluid.
Heating oil to 90 to 100 degrees F will usually solve this
problem Wth oil comng fromliterally every corner of the
worl d, the possible variations are endless and can change with
each new tankful. Sone of the nore conmon problens are further

di scussed in Section 4.

2.4.1.3 Natural Gas. Natural gas is fornmed by the sane
processes that produce oil. Conpared with coal and oil, natural
gas is a sinple fuel consisting primarily of nmethane (CHy, 77
percent to 90 percent by volune) and ethane (CyHg, 5 percent to
15 percent by volune). Propane and other nore conpl ex

hydr ocarbons are present in small quantities, and inert
conponents such as carbon dioxide and nitrogen may range from1l
percent to 9 percent by volune. Typical natural gas has a higher
heati ng value of 1,000 Btu per cubic foot and a specific gravity
of 0.6 relative to air. Care is required in handling of natural
gas in the vapor state. |If leaks in piping exist, gas wl|
escape and can be explosive if allowed to collect. Comerci al

pi peline natural gas has a distinctive "sweet" snmell which hel ps
to identify any | eakage.

2.4.1. 4 Alternate Fuels. Due to rising fuel costs and

occasi onal shortages, it is becom ng comon to utilize wood, wood
wast e, mnunicipal waste, agricultural by-products, and other
wastes to suppl enment our fossil resources. These alternate fuels
may be m xed with nore conventional fuels or burned by thensel ves
to reduce consunption of coal, oil, or gas. This trend wll
undoubt edly continue and accel erate.

2.4.2 Conbustion. Conbustion can be defined as rapid
oxidation of fuel. It is a chemcal reaction in which energy is
rel eased, in the formof heat and |light, when fuel and oxygen
conbine. Rapid oxidation will not occur w thout heat to start
the reaction. Fuel, oxygen, heat, and a chem cal reaction are
necessary for conbustion to take place. |If any one of these

el enents is renoved, conbustion stops. During conbustion in a
boiler it is inportant to control fuel, oxygen, and heat so that
the fuel is conpletely burned and maxi numuse is made of its
energy. To achieve controlled and efficient conbustion three
factors nust be considered: tine, tenperature, and turbul ence.

Al t hough oxidation is rapid, several seconds may be required to
start and conpl ete the conbustion process. Tenperature varies
during the conbustion process with m ni mumtenperatures occurring
at the beginning and end. Turbulence is necessary to allow fuel
to be intimately m xed with oxygen.

14
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2.4.2.1 Chem cal Reactions. The follow ng general chem cal
reactions occur as conbustible carbon (C nol ecul ar weight (MN =
12), hydrogen (H,-MNV = 2), and sulfur (S-MV= 32) conbine with
oxygen (0,-MNV = 32) to form carbon dioxide (CO-MN= 44), water
(H0-MV = 18), and sul fur dioxide (SO, - MN= 64):

C+ 0y, =0Q, 12IbC+32I1b O =44 1b Q0

2H, + 0, = 2H,0; 4 lb Hy, + 32 Ib O, = 36 | b Hy0

S+ 0y, =SS0y 321bS+321b O =64 1I1b S0,
These equations may al so be witten on a wei ght basis as foll ows:

1IbC+ 2.661b O =3.661b CO, + 14,093 Btu

11bH +7.941b O, =8.94 b HO + 61,100 Btu

11b S+ 1.001b 0y, =2.001b S0, + 3,983 Btu

The foll owm ng general chem cal reactions occur when the
si npl est hydrocarbon gases, nethane (CHy; - MW= 16), ethane (CoHg
- MW= 30), and propane (CgHg - MW= 44) are oxidized:

CH4 + 202 = COZ + ZFbO; 16 | b C}M + 64 1b Cb =44 1b CDZ +
36 I'b Hy0

Hg + 3.50, = 200, + 3H,0; 30 Ib CoHg + 112 Ib O, = 88 Ib
C0, + 54 | b Hy0

CgHg + 50, = 3CO, + 4H,0; 44 |b CgHg + 160 Ib O, = 132 Ib
CO, + 72 1b Hy0

On the basis of weight per pound of fuel, these equations appear
as follows:

11b Chy +3.991b O, =2.741b Q, + 2.25 Ib H0 +
23,879 Btu

11b CHg + 3.74 Ib 0,
22,320 Btu

2.93 1b CDZ + 1.80 I|b FbO +

11b CyHg + 3.63 Ib 0,
21,661 Btu

2.99 1 b CDZ + 1.64 |b FbO +

In sone cases, carbon only partially oxidizes to form
carbon nonoxi de (CO which can then oxidize to form carbon
di oxi de. A |large nunmber of internedi ate conpounds of carbon,
hydr ogen, and oxygen may al so form between the start of the
conbustion process and the final products of conbustion |isted
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above. These internediates are of little practical interest to
the boiler operator. The heat of conbustion |isted above for
each reaction is in Btu and is called higher heating value (HHV).
Sonme of the heat of conmbustion (970 Btu per 1 |b H0 produced) is
used to formwater and keep it in the vapor state. |If this
anmount of heat is subtracted fromthe heating val ues shown above,
a quantity called | ower heating value (LHV) is obtained. The
common practice in the United States is to use HHV in conbustion
calculations, while LHV is typically used in Europe. Ceneral
chem cal reactions are a good way to calculate fuel and air

requi renents. They begin to explain conbustion and boil er
efficiency.

2.4.2.2 Air Requirenents. Ar we breathe is 76.7 percent
nitrogen and 23. 3 percent oxygen by weight or 79 percent nitrogen
and 21 percent oxygen by volune. W use air to obtain oxygen for
t he conbustion process. Each pound of air contains 0.233 pounds
of oxygen. To obtain one pound of oxygen requires 4.29 pounds of
air. This is calculated as foll ows:

0.233 1b O,

4.29 Ib air )OO =1.01b 02
1.0 1b air

Each 4.29 pounds of air contains 1.0 pound of oxygen
and 3.29 pounds of nitrogen. N trogen is not chemcally active
in the conbustion process; however, it lowers flane tenperature
by absorbing heat and carrying it away fromthe boiler in flue
gas. The conbustion equation given in the previous paragraph can
be used to cal cul ate the exact quantity of oxygen, and hence air,
required to conpletely react with a given anount of fuel. This
quantity of air is called theoretical air. Unfortunately, use
and control of the conbustion process in a boiler is not perfect
and an additional quantity of air called excess air is needed to
achi eve conpl ete conbusti on.

2.4.2.3 Excess Air Exanple. Conbustion of 1 pound of No. 2 oi
with an analysis of 87 percent carbon, 12 percent hydrogen, 0.5
percent sulfur, and 0.5 percent nitrogen requires theoretical air
as determ ned bel ow

0.87 Ib Cx 2.66 |b Cb/lb C =2311b 0O
0.12 Ib H, x 7.94 Ib G/ IDb H2 =0.951b O
0.0051b Sx 1.00 Ib O/bS =0.011b 0
S))))))))Q
Theoretical Oxygen =3.271b O
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In a noderately well controlled burner, approximtely
20 percent excess air is typically required to ensure conplete
conmbustion. Theoretical air = 3.27 |b O, x 4.29 |b air/lb O =
14.0 Ib air. Total conbustion air per pound of fuel required
t hus becones:

14.0 Ib air + (14.0 Ib air x 0.20) = 16.8 | b air

| f the conbustion process is not well controlled, 50
percent excess air may enter the furnace through the burner.
Total conbustion air per pound of fuel then becones:

14.0 Ib air + 1 (14.0 lb air x 0.50) = 21.0 |Ib air

2.4.2.4 H gher Heating Values (HHVS). HHVs of fuels are best

determned by a calorineter test. |If the ultimte analysis of an
oil or coal is known, Dulong's fornula may be used to determ ne
the HHV of a liquid or solid fuel. Dulong's formula is given

bel ow and may be considered accurate to within 2 or 3 percent.
HHV = 14,544 C + 62,028 (H,-0,/8) + 4050 S. Carbon, hydrogen,
oxygen, and sul fur conme fromthe ultinmate anal ysis and are
expressed in percent by weight. Coefficients represent

approxi mate heating val ues of constituents in Btu/lb and the
result obtained is also in Btu/lb. The O,/ 8 is a correction
applied to hydrogen in fuel to account for the fact that sone of
the hydrogen is al ready conbined with oxygen to formwater. The
Dul ong formula is not suitable for gaseous fuels because the heat
of formation of constituents |ike nethane and ethane is not

consi dered. For gaseous fuels the HHV may be determ ned by
taking a wei ght average of heating values for each gaseous
constituent. Care nust be taken in evaluating the heating val ue
of fuel oils. A No. 6 fuel oil may have a LHV than a No. 2 oi
when neasured on a Btu/lb basis, but since it is nore dense, the
No. 6 oil could well have nore Btu/gallon. This is significant
since oil is normally purchased by the gallon rather than by the
pound. Table 3 provides a conparison of the APl gravity,
specific gravity, Btu/lb, and Btu/gallon for ranges of fuel oils.

2.4.3 Conmbustion of Coal. Fundanmentals of coa
conbustion on a hand-fired grate are described below. A uniform
fuel bed 8 inches thick is maintained on the grate. About 50
percent of the air required for conbustion enters from bel ow the
grate and passes through a |l ayer of ash. Oxygen in this air is
consuned whil e passing through the first few inches of burning
fixed carbon. This is called the oxidizing zone. Heat from
burning the fixed carbon rises and drives noisture and vol atile
matter fromraw coal in the oxygen-deficient reducing zone at the
top of the bed. Remaining fixed carbon fromthe top of the bed
|ater burns in the bottomof the bed as additional raw coal is
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added to the top. Volatile matter in vapor form and carbon
nonoxi de just above the bed nmust be fully m xed with overfire air
to conpl ete the conbustion process.

At lowfiring rates it is inportant to mnimze the
anount of overfire air to prevent cooling of volatile matter
resulting in inconplete conbustion and soot formation. At
internediate and high firing rates, the ability to fully mx
vol atile matter, carbon nonoxi de, and overfire air determ nes
conpl eteness of conbustion and practical excess air |evels that
can be maintained. Rate of conbustion is controlled by the
underfire conbustion air. Efficiency of conbustion is determ ned
by effective turbulent use of overfire conbustion air. Stokers
may use fans, ducts, air conpartnents, nodul ating air danpers,
ci nder reinjection systens, coal feeders, and noving or vibrating
grates to provide better control of the firing rate and
efficiency of coal conbustion. |In sonme stokers, a portion of
coal may be burned in suspension before it falls onto the grate.

I n underfeed stokers, raw coal is delivered from bel ow the
burning coal. Pulverized coal firing systens utilize pulverizers
to grind coal to a fine dust. This dust is conveyed by primary
conbustion air to a burner which serves to ignite the coal and
m x additional secondary conbustion air with the stream of
primary air and coal. Pulverized coal is conpletely burned in
suspension. Principles of coal conbustion remain the sane for
any of these variations. Misture and volatile matter nust be
driven off before fixed carbon can be burned and conbustion air
must be effectively mxed with volatile vapors to efficiently
conpl ete conbusti on.

2.4.4 Conbustion of Gl. Conbustion of fuel oil occurs after
liquid oil is vaporized. The tinme required for conbustion is

initially dependent upon the ability of the burner to atom ze the
oil into fine droplets and provide heat to vaporize the oil. The

vapor is then ignited and turbulently m xed with conbustion air
to stabilize ignition in an ignition zone. Heavy hydrocarbons
crack to give the oil flanme its yellow color. The burner nust
supply additional air to mx with remaining fuel wth adequate
tinme, tenperature, and turbul ence for conplete conbustion.
Careful control and adjustnent of the flow of air, oil, and
atom zing steanfair are needed to achi eve maxi mum efficiency at
boi | er | oads.

2.4.5 Conmbustion of Natural Gas. Natural gas consists mainly
of sinple hydrocarbons nethane and ethane, and is the easiest

fuel to burn, although it can also be the nost dangerous. G ven
the proper tine, tenperature, turbul ence, and excess air, gas can
sonetinmes burn without a visible flane or with a blue flanme. |If
sone of the hydrocarbons crack, a yellow flame will be present.
One danger of natural gas conbustion is that carbon nonoxi de,
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whi ch i s poisonous in very |ow concentrations, may be produced if
there is insufficient air or insufficient mxing. For safety and
ef ficiency reasons, inconplete conbustion should be avoi ded by
proper control of fuel and air. There is a range of air-gas

m xtures which burn violently and explosively. This range varies
between 8 and 13 percent gas by vol une, dependi ng upon the
particul ar hydrocarbon. Leaner mxtures, 0 to 7 percent, do not
expl ode or burn, while richer mxtures typical of the ignition
zone in the conbustion process burn nore slowy and do not
explode. If a rich concentration of vapor exists, however, it
will gradually diffuse into the air and will at sone tine be
within the explosive range. |If this mxture conmes in contact
with a spark or open flane, an explosion can occur. |In order to
prevent build-up of such concentrations, safety shutoff val ves
are installed on natural gas and oil conbustion systens and are
very inportant. Purging of the boiler setting both before and
after conbustion of any fuel is also extrenely inportant in the
prevention of expl osions.

2.4.6 Soot and Snoke. Understandi ng causes of soot and snoke
is the first step in prevention.

2.4.6.1 Soot. Soot is unburned carbon fromfuel. Finely

di vi ded soot particles give flue gases a black color. 1In
refining of oil, heavy hydrocarbons are cracked into sinpler
hydr ocar bons, carbon, and hydrogen. This cracking (thermal
deconposition) process is also one of the reactions that occurs
when a fuel is burned. For exanple, if nmethane gas is slowy
heated and m xed with air, the gas burns wwth no visible flane or
a blue flane. Methane is oxidized wthout cracking and several
i nt ermedi at e car bon/ hydr ogen/ oxygen conpounds are forned.
However, if nethane is heated quickly, the gas is cracked into
hydrogen and carbon. Carbon particles gl ow when burnt, giving

off a yellowcolor. |If this yellow flanme conmes in contact with a
boil er tube, carbon in the flame can be cool ed and deposited on
the tube as soot. |If a flanme containing elenental carbon is not

gi ven enough tinme and proper tenperature for conbustion, soot

wll formas the carbon cools. For exanple, when a boiler is
fired beyond its rated capacity, it is required to burn nore fuel
in the sanme furnace. Wen this happens, the tinme available for
conbustion is shortened and nay becone so short that conplete
conbustion is not possible. Another potential tine for soot to
formis during start-up of a cold boiler or while operating at
low fire. Under these conditions, enough heat may be transferred
fromthe flame to cool it belowits ignition tenperature and
cause the formation of soot.

2.4.6.2 Snoke. Snoke seen in boiler flue gas results fromthe
presence of soot and ash fromthe conbustion process. It is
difficult to nmake natural gas fire snoke, but oil and coal, if
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not properly controlled, will snoke readily due to nore rapid
cracking of their conpl ex hydrocarbons. Wile heat |oss from
unburned carbon may not be significant (tenths of a percent of
efficiency), snoke formation indicates a waste of fuel and a
possi bl e soot build-up in the furnace and convecti on passes.
Such build-ups can result in large efficiency | osses associ ated
with reduced heat transfer and higher boiler exit gas
tenperatures. Snoke color other than black is | ess noticeable
but can be just as wasteful. Blue snoke froman oil-fired boiler
indicates that a portion of the oil is not being cracked, while
white snoke generally indicates high excess air levels. 1In
either case, a major burner problemis indicated. It is conmmon
practice, when adjusting the conbustion process, to start with
hi gh excess air and white snoke. At sone | ower range of excess
air no snoke will be visible and finally, at still |ower excess
air levels, black smoke wll occur. Coal-fired boilers often
generate white snoke related to ash in the coal

2.4.6.3 Stack Opacity. Operating with a m ninmum practi cal

| evel of snoke as neasured by stack opacity indicates a generally
well run boiler plant. Stack opacity is nmeasured on a 0 percent
(clear) to 100 percent (conpletely opaque) scale. A practica

| evel of snoke would be less than local opacity limts (typically
10 to 20 percent) and based upon obtaini ng opti mum boil er
efficiency. A slight decrease in opacity may not be acceptabl e
if it must be obtained with a large increase in excess air. Wen
burni ng coal, the anmount of carbon in the stoker and collection
hoppers shoul d be consi dered when revi em ng excess air and
opacity | evels.

2.4.7 Flue Gas Anal ysis and Tenperature. Performance of a
burner and boiler can largely be determ ned by anal ysis and
tenperature of flue gas. Flue gas tenperature at the boiler
econom zer, or air heater outlet provides information on boiler
cleanliness, firing rate, and efficiency. Flue gas analysis

est abl i shes the anpbunt of oxygen, carbon di oxi de, and carbon
monoxide in flue gas. This analysis is generally on a dry basis
by vol une since water vapor is condensed before analysis. G ven
the type of fuel being burned and the oxygen or carbon dioxide

| evel, Tables 4 through 8 can be used to determ ne conbustion
efficiency and percent of excess air in flue gas for natural gas,
No. 2 oil, No. 6 oil, and coal.

2.4.8 Conmbustion Efficiency. Boiler conbustion efficiency
can be determned if proper information is avail able on fuel

anal ysis, flue gas analysis, conbustion air tenperature, and
stack tenperature. Anerican Society of Mechani cal Engineers
(ASME) PTC 4.1, Steam Generating Units, Power Test Codes,

contains industry standards for calculating efficiencies of steam
generating units. Figure 4 contains a heat bal ance for steam
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generation. Note that this heat balance is greatly sinplified
when nonapplicable itens are set equal to zero. The follow ng
par agr aphs contain sinplified nethods and tables used to
calculate efficiencies. Wen calculating efficiency using the
heat | oss nethod, |oss of heat in flue gas, on a percentage
basis, is subtracted from 100 percent to provide the percentage
conmbustion efficiency. The heat lost with flue gas is determ ned
by its tenperature and chem cal analysis. Anmounts of excess air
and water vapor are nost inportant in determning their |oss.
Water is contained in flue gas in its vapor state. Each pound of
wat er vapor requires 970 Btu of energy supplied to the boiler to
maintain it inits vapor state. In addition to this 970 Btu/l b,
wat er vapor al so contains 80 percent nore energy per pound than
other flue gas constituents. The effect of this water vapor on
boiler efficiency can be illustrated by conparing a natural gas-
fired boiler to one fired by oil.

For identical levels of excess air, conbustion air
tenperature, and stack tenperature, the natural gas-fired boiler
w Il have a | ower conbustion efficiency than the oil-fired
boiler. This happens because natural gas contains nore hydrogen,
whi ch reacts with oxygen in air to formwater, than oil and thus
has nore water in flue gas. Using Tables 4 and 6, at 15 percent
excess air, 70 degrees F conbustion air tenperature, and 530
degrees F stack tenperature, conbustion efficiency of a natural
gas-fired boiler is 78.9 percent as conpared with 83.4 percent
for a No. 6 oil-fired boiler. Tables 4 through 8 are conbustion
efficiency tables for natural gas, No. 2 oil, No. 6 oil, coal
with 3.5 percent noisture, and coal wth 9.0 percent noisture,
respectively. Conbustion efficiency for No. 4 oil may be
consi dered the average of conbustion efficiencies for No. 2 oi
and No. 6 oil. Expanded versions of tables presented here may be
found in the Boiler Efficiency Institute book entitled, Boiler
Ef ficiency | nprovenent.

2.4.9 Boiler Efficiency. Boiler efficiency is sinply defined
as the anobunt of energy in steamor hot water |eaving the boiler
(E out, Btu/lb x I'b/hr = Btu/hr) mnus energy in feedwater (E fw,
Btu/lb x I'b hr) divided by the anmount of energy in fuel used

(E fuel, Btu/lb x |Ib/hr).

Boiler Efficiency = (E out - E fw)
E fuel
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Tabl e 4
Conmbustion Efficiency for Natural Gas
Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT %Z COOZ Air Tenperature (°F)
(% (% (%
180 220 260 300 340 380
0.0 0.0 11.8 86.1 85.3 84.5 83.6 82.8 81.9
4.5 1.0 11.2 86.0 85.1 84.2 83.4 82.5 81.6
9.5 2.0 10.7 85.8 84.9 84.0 83.1 82.2 81.2
12.1 2.5 10. 4 85.7 84.8 83.9 83.0 82.0 81.1
15.0 3.0 10.1 85.7 84.7 83.8 82.8 81.8 80.9
18.0 3.5 9.8 85. 6 84.6 83.6 82.6 81.7 80.7
21.1 4.0 9.6 85.5 84.5 83.5 82.5 81.5 80.5
24.5 4.5 9.3 85.4 84.3 83.3 82.3 81.3 80. 2
28.1 5.0 9.0 85.2 84.2 83.2 82.1 81.1 80.0
31.9 5.5 8.7 85.1 84.1 83.0 81.9 80.8 79.7
35.9 6.0 8.4 85.0 83.9 82.8 81.7 80. 6 79.5
40. 3 6.5 8.2 84.9 83.7 82.6 81.5 80. 3 79.2
44.9 7.0 7.9 84.7 83.5 82.4 81.2 80.0 78.8
49.9 7.5 7.6 84.5 83.4 82.2 80.9 79.7 78.5
55. 3 8.0 7.3 84.4 83.1 81.9 80.7 79.4 78.1
67.3 9.0 6.7 84.0 82.7 91.4 80.0 78.7 77.3
81.6 10.0 6.2 83.5 82.1 80.7 79.3 77.8 76. 4
98.7 11.0 5.6 83.0 81.5 79.9 78.3 76.8 75.2
119.7 12.0 5.1 82.3 80. 6 78.9 77.2 75.5 73.8
145. 8 13.0 4.5 81.5 79.6 77.7 75.8 73.9 72.0
179.5 14.0 3.9 80.4 78.3 76.2 74.0 71.9 69.7
224.3 15.0 3.4 79.0 76.6 74.1 71.7 69. 2 66. 7
Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT %Z COOZ Air Tenperature (°F)
(% (% (%
420 460 500 540 580 620
0.0 0.0 11.8 81.0 80.1 79.3 78. 4 77.5 76.6
4.5 1.0 11.2 80.7 79.8 78.9 77.9 77.0 76.1
9.5 2.0 10.7 80. 3 79.4 78. 4 77.5 76.5 75.5
12.1 2.5 10. 4 80.1 79.1 78.2 77.2 76.2 75.2
15.0 3.0 10.1 79.9 78.9 77.9 76.9 75.9 74.9
18.0 3.5 9.8 79.7 78.7 77.6 76.6 75.6 74.6
21.1 4.0 9.6 79.4 78. 4 77.4 76.3 75.3 74.2
24.5 4.5 9.3 79.2 78.1 77.1 76.0 74.9 73.8
28.1 5.0 9.0 78.9 77.8 76.7 75.6 74.5 73.4
31.9 5.5 8.7 78.6 77.5 76. 4 75.3 74.1 73.0
35.9 6.0 8.4 78.3 77.2 76.0 74.9 73.7 72.5
40. 3 6.5 8.2 78.0 76.8 75.6 74.5 73.3 72.0
44.9 7.0 7.9 77.6 76. 4 75.2 74.0 72.8 71.5
49.9 7.5 7.6 77.3 76.0 74.8 73.5 72.2 71.0
55.3 8.0 7.3 76.9 75.6 74.3 73.0 71.7 70.4
67.3 9.0 6.7 76.0 74.6 73.2 71.8 70.4 69.0
81.6 10.0 6.2 74.9 73.4 71.9 70.4 68.9 67.4
98.7 11.0 5.6 73.6 72.0 70.4 68. 8 67.1 65.5
119.7 12.0 5.1 72.0 70.3 68.5 66. 7 64.9 63.1
145. 8 13.0 4.5 70.1 68.1 66. 2 64.2 62.2 60. 2
179.5 14.0 3.9 67.5 65. 3 63.1 60. 9 58.7 56. 4
224.3 15.0 3.4 64. 2 61.7 59.1 56.5 54.0 51.4

This table is based on the follow ng fuel analysis (%by wei ght): carbon-70. 80/0 hydr ogen-
23. 40/0 ni trogen- 3. 80/0 oxygen- 1. 20/0 carbon dioxide-0.8%0 The HHV is 21,700 Btu/lb.
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Table 5
Conmbustion Efficiency for No. 2 O

Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT %Z COOZ Air Tenperature (°F)
(% (% (%
180 220 260 300 340 380
0.0 0.0 15.6 90.4 89. 6 88.8 88.0 87.1 86. 3
4.7 1.0 14.9 90.2 89.4 88. 6 87.7 86.9 86.0
9.9 2.0 14.1 90.1 89.2 88.3 87.4 86. 6 85.7
12.6 2.5 13.8 90.0 89.1 88.2 87.3 86. 4 85.5
15.6 3.0 13.4 89.9 89.0 88.1 87.1 86. 2 85.3
18.7 3.5 13.0 89.8 88.9 87.9 87.0 86.0 85.1
22.0 4.0 12.6 89.7 88.7 87.8 86.8 85.8 84.9
25.5 4.5 12.3 89. 6 88. 6 87.6 86. 6 85. 6 84.6
29.2 5.0 11.9 89.5 88.5 87.4 86. 4 85.4 84.4
33.2 5.5 11.5 88.3 88.3 87.3 86. 2 85.2 84.1
37.4 6.0 11.2 88.1 88.1 87.1 86.0 84.9 83.8
41.9 6.5 10.8 89.1 88.0 86.9 85.8 84.6 83.5
46. 8 7.0 10. 4 88.9 87.8 86. 6 85.5 84.4 83.2
52.0 7.5 10.0 88.7 87.6 86. 4 85.2 84.1 82.9
57.6 8.0 9.7 88. 6 87.4 86. 2 84.9 83.7 82.5
70.3 9.0 8.9 88.2 86.9 85. 6 84.3 83.0 81.6
85.0 10.0 8.2 87.7 86. 3 84.9 83.5 82.1 80. 6
102.9 11.0 7.4 87.1 85. 6 84.1 82.6 81.0 79.5
124. 7 12.0 6.7 86.5 84.8 83.1 81.4 79.7 78.0
152.0 13.0 6.0 85. 6 83.7 81.9 80.0 78.1 76.2
187.0 14.0 5.2 84.5 82.4 80. 3 78.2 76.0 73.8
233.7 15.0 4.5 83.0 80. 6 78.2 75.7 73.2 70.7
Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT e o Air Tenperature (°F)
(% (% (%
420 460 500 540 580 620
0.0 0.0 15.6 85.5 84.7 83.8 83.0 82.1 81.3
4.7 1.0 14.9 85.2 84.3 83.4 82.5 81.6 80.7
9.9 2.0 14.1 84.8 83.9 82.9 82.0 81.1 80. 2
12.6 2.5 13.8 84.6 83.6 82.7 81.8 80.8 79.9
15.6 3.0 13.4 84.3 83.4 82.4 81.5 80.5 79.5
18.7 3.5 13.0 84.1 83.1 82.2 81.2 80. 2 79.2
22.0 4.0 12.6 83.9 82.9 81.9 80.9 79.8 78.8
25.5 4.5 12.3 83.6 82.6 81.6 80.5 79.5 78. 4
29.2 5.0 11.9 83.3 82.3 81.2 80. 2 79.1 78.0
33.2 5.5 11.5 83.0 82.0 80.9 79.8 78.7 77.6
37.4 6.0 11.2 82.7 81.6 80.5 79.4 78.3 77.1
41.9 6.5 10.8 82.4 81.3 80.1 79.0 77.8 76.6
46. 8 7.0 10. 4 82.0 80.9 79.7 78.5 77.3 76.1
52.0 7.5 10.0 81.7 80.4 79.2 78.0 76.7 75.5
57.6 8.0 9.7 81.2 80.0 78.7 77.5 76.2 74.9
70.2 9.0 8.9 80. 3 79.0 77.6 76.2 74.9 73.5
85.0 10.0 8.2 79.2 77.8 76.3 74.8 73.3 71.8
102.9 11.0 7.4 77.9 76.3 74.7 73.1 71.5 69.9
124. 7 12.0 6.7 76.3 74.5 72.8 71.0 69. 2 67.4
152.0 13.0 6.0 74.3 72.3 70.4 68. 4 66. 4 64. 4
187.0 14.0 5.2 71.7 69.5 67.3 65.0 62.8 60. 5
233.7 15.0 4.5 68. 2 65.7 63.1 60. 6 58.0 55.4

This table is based on the follow ng fuel analysis (%by wei ght): carbon-86. 70/0 hydr ogen-
12. 4% nitrogen-0.1% sulfur-0.8% The HHV is 19,500 Btu/l b.
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Table 6
Conmbustion Efficiency for No. 6 Ol

Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT 82 COOZ Air Tenperature (°F)
(% (% (%
180 220 260 300 340 380
0.0 0.0 16.5 91.2 90.4 89. 6 88.8 87.9 87.1
4.7 1.0 15.7 91.0 90.2 89.4 88.5 87.7 86.8
10.0 2.0 14.9 90.9 90.0 89.1 88.2 87.3 86. 4
12.8 2.5 14.5 90.8 89.9 89.0 88.1 87.2 86. 3
15.8 3.0 14.1 90.7 89.8 88.9 87.9 87.0 86.1
18.9 3.5 13.8 90. 6 89.7 88.7 87.8 86.8 85.8
22.3 4.0 13.4 90.5 89.5 88. 6 87.6 86. 6 85. 6
25.8 4.5 13.0 90.4 89.4 88.4 87.4 86. 4 85.4
29.6 5.0 12.6 90. 3 89.2 88.2 87.2 86. 2 85.1
33.6 5.5 12.2 90.1 89.1 88.0 87.0 85.9 84.8
37.9 6.0 11.8 90.0 88.9 87.8 86.8 85.7 84.6
42. 4 6.5 11. 4 89.8 88.7 87.6 86.5 85.4 84.2
47. 3 7.0 11.0 89.7 88. 6 87.4 86. 3 85.1 83.9
52.6 7.5 10.6 89.5 88.3 87.2 86.0 84.8 83.6
58.2 8.0 10. 2 89.3 88.1 86.9 85.7 84.4 83.2
71.0 9.0 9.4 88.9 87.6 86. 3 85.0 83.7 82.3
86.0 10.0 8.6 88.5 87.0 85. 6 84.2 82.7 81.3
104.1 11.0 7.9 87.9 86. 3 84.8 83.2 81.7 80.1
126.1 12.0 7.1 87.2 85.5 83.8 82.1 80. 3 78.6
153.7 13.0 6.3 86. 3 84.4 82.5 80. 6 78.6 76.7
189.1 14.0 5.5 85.2 83.0 80.9 78.7 76.5 74.3
236.4 15.0 4.7 83.7 81.2 78.7 76.2 73.6 71.1
Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT %Z COOZ Air Tenperature (°F)
(% (% (%
420 460 500 540 580 620
0.0 0.0 16.5 86. 3 85.4 84.6 83.7 82.9 82.0
4.7 1.0 15.7 85.9 85.1 84.2 83.3 82.4 81.5
10.0 2.0 14.9 85.5 84.6 83.7 82.8 81.8 80.9
12.8 2.5 14.5 85.3 84.4 83.4 82.5 81.5 80. 6
15.8 3.0 14.1 85.1 84.1 83.2 82.2 81.2 80. 2
18.9 3.5 13.8 84.9 83.9 82.9 81.9 80.9 79.9
22.3 4.0 13.4 84.6 83.6 82.6 81.6 80.5 79.5
25.8 4.5 13.0 84.3 83.3 82.3 81.2 80. 2 79.1
29.6 5.0 12.6 84.1 83.0 81.9 80.9 79.8 78.7
33.6 5.5 12.2 83.8 82.7 81.6 80.5 79.4 78.2
37.9 6.0 11.8 83.4 82.3 81.2 80.0 78.9 77.7
42. 4 6.5 11. 4 83.1 81.9 80.8 79.6 78. 4 77.2
47. 3 7.0 11.0 82.7 81.5 80. 3 79.1 77.9 76.7
52.6 7.5 10.6 82.3 81.1 79.9 78.6 77.4 76.1
58.2 8.0 10. 2 81.9 80. 6 79.4 78.1 76.8 75.5
71.0 9.0 9.4 81.0 79.6 78.2 76.8 75.4 74.0
86.0 10.0 8.6 79.8 78.3 76.9 75.4 73.9 72.3
104.1 11.0 7.9 78.5 76.9 75.2 73.6 72.0 70.3
126.1 12.0 7.1 76.8 75.0 73.3 71.5 69. 6 67.8
153.7 13.0 6.3 74.7 72.8 70.8 68. 8 66. 8 64.7
189.1 14.0 5.5 72.1 69.8 67.6 65. 3 63.0 60. 7
236.4 15.0 4.7 68.5 65.9 63.3 60. 7 58.1 55.4

This table is based on the follow ng fuel analysis (%by wei ght): carbon-88. 40/0 hydr ogen-

10. 0% nitrogen-0.9% sulfur-0.7% The HHV is 18,300 Btu/l b.
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Table 7
Conmbustion Efficiency for Coal,
3.5 Percent Mbisture, Bitum nous

Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT 82 COOZ Air Tenperature (°F)
(% (% (%
180 220 260 300 340 380
0.0 0.0 18.4 92.0 91.2 90. 3 89.5 88. 6 87.7
4.8 1.0 17.6 91.9 91.0 90.1 89.2 88.3 87.3
10. 2 2.0 16.7 91.7 90.8 89.8 88.9 87.9 86.9
16. 2 3.0 15.8 91.5 90.5 89.5 88.5 87.5 86.5
22.8 4.0 14.9 91.3 90.2 89.2 88.2 87.1 86.0
26.4 4.5 14.5 91.1 90.1 89.0 87.9 86.9 85.8
30.3 5.0 14.0 91.0 89.9 88.8 87.7 86. 6 85.5
34.4 5.5 13.6 90.9 89.8 88. 6 87.5 86. 3 85.2
38.8 6.0 13.2 90.7 89. 6 88.4 87.2 86.1 84.9
43.5 6.5 12.7 90. 6 89.4 88.2 87.0 85.8 84.5
48.5 7.0 12.3 90.4 89.2 87.9 86.7 85.4 84.2
53.9 7.5 11.9 90.2 88.9 87.7 86. 4 85.1 83.8
59.7 8.0 11. 4 90.0 88.7 87.4 86.1 84.7 83.4
65.9 8.5 11.0 89.8 88.4 87.1 85.7 84.3 82.9
72.7 9.0 10.5 89. 6 88.2 86.7 85.3 83.9 82.4
80.1 9.5 10.1 89.3 87.9 86. 4 84.9 83.4 81.9
88.1 10.0 9.7 89.0 87.5 86.0 84.4 82.9 81.3
106. 6 11.0 8.8 88.4 86.8 85.1 83.4 81.7 80.0
129.2 12.0 7.9 87.7 85.8 84.0 82.1 80. 2 78.3
157.5 13.0 7.0 86.7 84.6 82.6 80.5 78. 4 76.3
193.8 14.0 6.1 85.5 83.1 80.8 78. 4 76.0 73.6
242.2 15.0 5.3 83.8 81.1 78. 4 75.7 72.9 70.1
Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT %Z COOZ Air Tenperature (°F)
(% (% (%
420 460 500 540 580 620
0.0 0.0 18.4 86.8 85.9 85.0 84.1 83.1 82.2
4.8 1.0 17.6 86. 4 85.5 84.5 83.6 82.6 81.6
10. 2 2.0 16.7 86.0 85.0 84.0 83.0 82.0 81.0
16. 2 3.0 15.8 85.5 84.5 83.4 82.4 81.3 80. 3
22.8 4.0 14.9 85.0 83.9 82.8 81.7 80. 6 79.5
26.4 4.5 14.5 84.7 83.6 82.4 81.3 80. 2 79.0
30.3 5.0 14.0 84.4 83.2 82.1 80.9 79.7 78.6
34.4 5.5 13.6 84.0 82.9 81.7 80.5 79.3 78.1
38.8 6.0 13.2 83.7 82.5 81.3 80.0 78.8 77.6
43.5 6.5 12.7 83.3 82.1 80.8 79.5 78.3 77.0
48.5 7.0 12.3 82.9 81.6 80. 3 79.0 77.7 76. 4
53.9 7.5 11.9 82.5 81.1 79.8 78.5 77.1 75.7
59.7 8.0 11. 4 82.0 80. 6 79.2 77.9 76.5 75.0
65.9 8.5 11.0 81.5 80.1 78.6 77.2 75.8 74.3
72.7 9.0 10.5 81.0 79.5 78.0 76.5 75.0 73.5
80.1 9.5 10.1 80.4 78.8 77.3 75.7 74.2 72.6
88.1 10.0 9.7 79.7 78.1 76.5 74.9 73.3 71.6
106. 6 11.0 8.8 78.2 76.5 74.7 73.0 71.2 69. 4
129.2 12.0 7.9 76. 4 74.5 72.6 70.6 68.7 66. 7
157.5 13.0 7.0 74.2 72.0 69.9 67.7 65.5 63.3
193.8 14.0 6.1 71.2 68. 8 66. 4 63.9 61.4 58.9
242.2 15.0 5.3 67.4 64.5 61.7 58.9 56 53.1

This table is based on the follow ng fuel analysis (%by wei ght): ash-5. 00/0 sul fur-0. 920/0
hydr ogen- 5. 120/0 carbon-77. 130/0 nmoi st ure- 3. 500/0 ni trogen- 1. 490/0 oxygen- 6. 84%  The

proxi mate analysis is VM 36. 140/0 FC- 55. 360/0 M 3. 50/0 ash-5.0%0 The HHV of this dass I
Group 3 bitum nous coal is 13,750 Btu/lb.
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Tabl e 8
Conmbustion Efficiency for Coal,
9.0 Percent Mbisture, Bitum nous

Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT %Z COOZ Air Tenperature (°F)
(% (% (%
180 220 260 300 340 380
0.0 0.0 18.4 91.0 90.1 89.2 88.3 87.4 86.5
4.8 1.0 17.6 90.8 89.9 89.0 88.1 87.1 86.2
10. 2 2.0 16.7 90.7 89.7 88.7 87.7 86.8 85.8
16. 2 3.0 15.8 90.5 89.4 88.4 87.4 86. 4 85.3
22.8 4.0 14.9 90.2 89.2 88.1 87.0 85.9 84.8
26.4 4.5 14.5 90.1 89.0 87.9 86.8 85.7 84.6
30.3 5.0 14.0 90.0 88.8 87.7 86. 6 85.4 84.3
34.4 5.5 13.6 89.8 88.7 87.5 86. 3 85.2 84.0
38.8 6.0 13.2 89.7 88.5 87.3 86.1 84.9 83.6
43.5 6.5 12.7 89.5 88.3 87.1 85.8 84.6 83.3
48.5 7.0 12.3 89.3 88.1 86.8 85.5 84.2 82.9
53.9 7.5 11.9 89.1 87.8 86.5 85.2 83.9 82.5
59.7 8.0 11. 4 88.9 87.6 86. 2 84.9 83.5 82.1
65.9 8.5 11.0 88.7 87.3 85.9 84.5 83.1 81.6
72.7 9.0 10.5 88.5 87.0 85. 6 84.1 82.6 81.1
80.1 9.5 10.1 88.2 86.7 85.2 83.7 82.1 80. 6
88.1 10.0 9.7 88.0 86. 4 84.8 83.2 81.6 80.0
106. 6 11.0 8.8 87.3 85. 6 83.9 82.1 80.4 78.6
129.2 12.0 7.9 86.5 84.6 82.7 80.8 78.9 77.0
157.5 13.0 7.0 85. 6 83.4 81.3 79.2 77.0 74.9
193.8 14.0 6.1 84.3 81.9 79.5 77.1 74.6 72.2
242.2 15.0 5.3 82.6 79.8 77.1 74.3 71.5 68. 6
Percent Conbustion Efficiency
Excess Fl ue Gas Tenperature M nus Combustion
AT e % Air Tenperature (°F)
(% (% (%

420 460 500 540 580 620
0.0 0.0 18.4 85. 6 84.7 83.7 82.8 81.8 80.9
4.8 1.0 17.6 85.2 84.2 83.2 82.3 81.3 80. 3
10. 2 2.0 16.7 84.8 83.7 82.7 81.7 80. 6 79.6
16. 2 3.0 15.8 84.3 83.2 82.1 81.1 80.0 78.9
22.8 4.0 14.9 83.7 82.6 81.5 80. 3 79.2 78.1
26.4 4.5 14.5 83.4 82.3 81.1 80.0 78.8 77.6
30.3 5.0 14.0 83.1 81.9 80.7 79.6 78.3 77.1
34.4 5.5 13.6 82.8 81.6 80. 3 79.1 77.9 76.6
38.8 6.0 13.2 82.4 81.2 79.9 78.7 77.4 76.1
43.5 6.5 12.7 82.0 80.7 79.5 78.2 76.8 75.5
48.5 7.0 12.3 81.6 80. 3 79.0 77.6 76.3 74.9
53.9 7.5 11.9 81.2 79.8 78. 4 77.1 75.7 74.3
59.7 8.0 11. 4 80.7 79.3 77.9 76. 4 75.0 73.5
65.9 8.5 11.0 80. 2 78.7 77.3 75.8 74.3 72.8
72.7 9.0 10.5 79.6 78.1 76.6 75.1 73.5 71.9
80.1 9.5 10.1 79.0 77.5 75.9 74.3 72.7 71.0
88.1 10.0 9.7 78. 4 76.7 75.1 73.4 71.7 70.1
106. 6 11.0 8.8 76.9 75.1 73.3 71.5 69. 6 67.8
129.2 12.0 7.9 75.0 73.0 71.1 69.1 67.0 65.0
157.5 13.0 7.0 72.7 70.5 68. 3 66. 1 63.8 61.6
193.8 14.0 6.1 69.7 67.2 64.7 62.2 59.7 57.1
2422 15.0 5.3 65. 8 62.9 60.0 57.1 54.1 51.2

This table is based on the follow ng fuel analysis (%by wei ght): ash-8. 00/0 sul fur-1. 910/0
hydr ogen- 4. 480/0 carbon- 67. 400/0 nmoi st ure-9. 000/0 ni trogen-1. 310/0 oxygen- 7. 90% The

proximate analysis is VM 33.86%0 FC 49.14% M 9.0% ash-8.0% The HHV of this dass |1
Group 4 bitum nous coal is 12,050 Btu/lb.
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Boi l er efficiency nust always be | ess than conbustion
efficiency. Typical boiler efficiencies range from75 to 85
percent. The main boiler loss is heat lost in flue gas as
di scussed in the previous paragraph. Oher energy | osses are
associated wth heat radiated fromthe boiler casing, heat
carried away by the bl owdown water, and heat |ost because of
i nconpl ete conbustion. To achi eve maxi mum boiler efficiency the
operat or nust:

a) Mnimze excess air to reduce stack | osses.

b) Cean the gas side and water side of boiler tubes
to ensure nmaxi mum absorption of heat and reduced stack
t enmper at ur es.

c) Mnimze blowdown to reduce bl omdown | osses.

d) Perform mai nt enance on burners and controls to
m nimze unburned fuel.

A nore detail ed discussion of boiler efficiency is provided in
Section 4.

2.4.10 Central Boiler Plant Efficiency. The anmount of energy
in steamor hot water leaving the plant (E out of plant, Btu/lb x
I b/hr) m nus the anount of energy in condensate or hot water
return (E return, Btu/lb x Ib/hr), divided by the anount of
energy in fuel (E fuel, Btu/lb x Ib/hr) used to produce that
steamor hot water is the central boiler plant efficiency.

Pl ant Efficiency = (E out of plant - E return)
E fuel

Boi l er selection, deaerator control, steamtrap
mai nt enance, use of steamdriven auxiliaries, and plant buil ding
energy conservation are inportant contributing elenents to boiler
pl ant efficiency. Energy |osses and use should be controlled to
keep plant efficiency as close as possible to boiler efficiency.
Use of steamdriven auxiliaries reduces the anmount of energy sent
out of the central plant and steam | osses can result if exhaust
steam cannot be used in the deaerator or building heating system
Distribution system|osses fromthe central boiler plant should
al so be nonitored and reported. While distribution system]| osses
are not a part of central plant efficiency, they greatly affect
the efficiency of the system Any nakeup water required to
replace distribution | osses nust be heated to feedwater
tenperature. This requires additional steamto be generated by
boil ers, thus using additional fuel and | owering plant
efficiency. Mre information is provided in Section 4.
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2.5 Principles of Steam and Hot Water Generation

2.5.1 Basic Principles. Generation of steamoccurs as a
result of two separate processes: (1) conbustion, rel ease of
heat by burning fuel, and (2) heat transfer, absorption of heat
into water. Conbustion was di scussed in the previous section. A
study of the heat transfer process can be made with an el enentary
boil er as shown in Figure 5. The boiler system can be
represented as a contai ner equipped with an outlet pipe and

val ve, a pressure gage, and a thernoneter imrersed in water. |If
a fireis built under the unit and water at 32 degrees F is put
into the container with the valve |eft open, water tenperature
will rise steadily as the fire burns until a tenperature of
approxi mately 212 degrees F is reached. At this tinme, the
tenperature will rise no further, but the water will gradually
boil off and, if firing is continued | ong enough, the water w ||
evaporate. |If the heat content of the fuel source is accurately
measured, it can be denonstrated that to raise the tenperature
from 32 degrees F to the boiling point, the heat input was 180
Btu for each pound of water. It would also be shown that 970
additional Btu for each pound of water is required to boil off
the water. This additional heat is called the | atent heat of
vapori zation and represents heat required to convert the smal
volune of liquid into a |arge volune of steam

Gage

Thermometer

b Water

Figure 5
El ementary Boil er
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Wth the valve in a closed position and using anot her
batch of water, the process is repeated and pressure is all owed
to build up to 100 psig, then the valve is throttled so that
pressure is maintained at 100 psig. The tenperature in the
container is now approximately 338 degrees F. This is called the
saturation tenperature for 100-psig pressure. Heat input
required to raise 1 pound of water from 32 degrees F up to this
saturation tenperature is 309 Btu. Energy expended in boiling 1
pound of water to 338 degrees F at 100 psig is 880.6 Btu. The
tenperature required to boil water increases as pressure
i ncreases. The anmount of heat put into the liquid to raise it to
this boiling point tenperature is greater and the | atent heat of
vaporization is progressively | ess as pressure increases. Table
9 provides a summary of saturation tenperatures, energy in water,
energy in steam and | atent heat of vaporization for pressures
fromO to 300 psig. Reference standard steamtabl es.

Table 9
Wat er / St eam Char acteri stics

Saturation ) Energy in Lat ent Heat
PE S:IS;; € Tenp V\atEenrer(gé L;/r; b) St eam of Vaporization
(Degrees F) (Btu/lb) (Btu/lb)

0 32 (1) 0 - -

0 60 (1) 28 - -

0 212 180 1150 970
15 250 218 1164 946
30 274 243 1172 929
40 287 256 1176 920
50 298 267 1179 912
60 307 277 1182 905
70 316 286 1184 898
80 324 294 1186 892
90 331 302 1188 886

100 338 309 1190 881
110 344 316 1191 875
120 350 322 1192 870
130 356 328 1193 865
140 361 333 1195 862
150 366 339 1196 857
200 388 362 1199 837
250 406 382 1202 820
300 422 399 1203 804

1) 32 degrees F and 60 degrees F are saturation

tenperatures of water at 0 psig.
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2.5.2 Heat Transfer. Heat transfer is acconplished by three
met hods: radiation, conduction, and convection. All three

met hods are used within a boiler. The heating surface in the
furnace area receives heat primarily by radiation. The renaining
heating surface in the boiler receives heat by convection from
hot flue gases. Heat received by the heating surface travels

t hrough netal by conduction. Heat is then transferred fromthe
metal to water by convection. Each of these nethods is discussed
in nore detail bel ow.

2.5.2.1 Radi ation. Radiation is the nost inportant method of
heat transfer in the furnace. The anmount of heat transfer
depends on the area of heating surfaces and hot surfaces in the
furnace, the difference of the fourth powers (T4) of tenperatures
of the flame and heating surfaces, and the nature of the fl ane.
For the sanme tenperatures, a coal flame is nore radiant than an
oil flame and an oil flame is nore radiant than a natural gas
flame. The same physical | aws governing transm ssion of |ight

al so apply to transfer of radi ant heat:

a) Heat is transmtted in straight |ines
b) Heat can be reflected and refracted
c) Heat is radiated in all directions

Radi ant heat can be transmtted through a vacuum nost
gases, sone liquids, and a few solids. Solid boiler tubes absorb
radi ant heat fromthe flane and radiate a small portion of that
heat back to the furnace.

2.5.2.2 Conduction. In conduction, heat is transferred through
a material in which individual particles stay in the sane
position. Heat flow ng along an iron bar when one end of the bar
is held in afireis a sinple exanple of this process.

Conduction occurs when material, called a conductor, is in

physi cal contact with both the heat source and the point of

delivery. Heat flows fromthe hot end to the cold end of the
conductor. It makes no difference if the conductor is straight,
crooked, inclined, horizontal, or vertical. Material which it is

made of has a great effect, however. Metals conduct heat readily
while |iquids and gases conduct heat nore slowy. Sone materials
conduct heat very poorly, and are called insulators. Conmobn
exanpl es of insulators are asbestos, fiberglass, wod, and sone
types of plastics. Asbestos is no |longer used as an insul ator
because of health risks. The anount of heat transmtted al so
varies with the length of the path, contact area, and tenperature
di fference.
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2.5.2.3 Convection. Transfer of heat by convection occurs, for
exanpl e, when water flows over a heated surface causing the
surface to cool. 1In convection heat transfer, the gas or liquid
medi um recei ves heat fromthe source, expands, and is pushed away
by col der, heavier particles of the medium Fluid that receives
heat then transfers heat to a new |l ocation, |osing sone heat in
the process. Heat transfer by convection normally occurs froma
| ower to a higher elevation. However, transfer in any direction
may take place if an external force, such as fans, punps, or a
pressure drop, is applied.

2.5.2. 4 Gas Flow Considerations. |In nost boilers, a large
anount of absorbed heat is given up by hot flue gases which sweep
over heat-absorbing surfaces. Heat transfer takes place by
convection. The quantity of heat transferred can be varied by
controlling tenperature or quantity of flue gases. Usually both
are controlled. Ability of materials to resist damaging effects
of high tenperatures is the limting factor in the first case,
and the force available for causing flow through the boiler is
the limting factor in the second case. Boiler draft |oss or
resistance to flowis the force or pressure drop required for
gases to flow through a boiler. Draft loss is commonly called
draft and nmay be supplied by a chimey, forced draft fan, or

i nduced draft fan. Draft, which is neasured in inches of water,
depends primarily on velocity and density of flow ng gases, and
cross-sectional area and |ength of gas passage. Draft | oss
increases with the square of velocity and directly with | ength of
t he passage.

It is inportant to keep velocity at a m ninum
consistent wth requirenents of good convective heat transfer, if
maxi mum out put of a boiler installation is to be attained. The
cross-sectional area, baffle arrangenent, and |l ength of the gas
passage are usually fixed. |If gas passages are kept free of soot
and ash accunul ation, gas velocity and draft loss wll depend
solely on quantity of gas flow which in turn depends on quantity
of air supplied to burn fuel. A mninmmair supply consistent
W th good conbustion practice therefore mnimzes draft | oss and
hel ps to maxi m ze heat transfer and boil er output.

2.5.2.5 Water Circul ation Considerations. Wter circulates in
a steam boil er because the density of water is greater than the
density of the water/steam m xture (Figure 6). Wthin the

boil er, denser water falls while the | ess dense m xture ri ses.
Natural circulating forces are reduced as operating pressure of a
boil er increases, and increased as percent of steamin the

m xture increases. Hot water boilers normally use punps to force
circulation of water through the boiler, because the density
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di fference between cold and hot water is not |arge enough to
cause natural circulation with velocities necessary for good heat
transfer.

2.5.2.6 Heat Transfer to Boiler Tubes and Water by Convecti on.
Heat transfer by convection depends on tenperature and velocity
of gases on one side of the boiler tube and velocity of water on
the other side. Increasing velocity of water aids convection and
i ncreases heat transfer. This is due to a very thin film of
stagnant water which is in contact with the boiler tube. This
can be denonstrated by a sinple experinent using a Bunsen burner
and a netallic vessel containing boiling water as shown in Figure
6. Place the lighted burner under the vessel and observe it
closely. Note that the flane spreads into a sheet about 1/30 to
1/40 inch fromthe vessel. Because of its high conductivity, the
tenperature of the tube is only a few degrees hotter than the
water while the tenperature of the burner flanme is nmuch higher.
Therefore, there nust be a | arge tenperature drop through the
thin filmbetween the flame and the vessel. This principle
applies to both the water and gas sides of the vessel. Heat in
the boiler tube nmust be conducted through the thin stagnant film
of water before the active convection process begins. Heat
transfer can be greatly increased if this filmis reduced in

t hi ckness, or elimnated conpletely. Usually, this is
acconpl i shed by increasing flow velocity across the surface and
scrubbing the filmaway. Unfortunately, as was nentioned
earlier, increasing velocities increases draft |osses and power
requi renents. The thin filmdoes not affect radiant or
conductive heat transfer but only convective heat transfer.

2.5.2.7 Optim zing Heat Transfer. Boiler furnace heat is
absorbed by a conbination of radiation, convection, and
conduction through boiler tubes. Water in boiler tubes is heated
by convection. Tubes and other heating surfaces close to fire
that do not have a high rate of gas flow ng across themreceive
practically all their heat by radiation. Heating surfaces close
to the furnace and across which gas flowis high receive heat by
bot h radi ati on and convection. Surfaces distant fromthe furnace
receive their heat by convection. Heat transfer can be optim zed
by controlling excess air, keeping boiler tubes clean, and

mai nt ai ni ng opti num gas and water velocities.

a) Excess Air Control. Miintaining |ow excess air
levels in a boiler is inportant because any air above the
required air for conbustion is heated and | ost up the stack.
Theoretical air is the exact amount of air required for
conbustion. Excess air is additional air above theoretical air.
Pl ant operators should maintain O, | evels as | ow as possible
whi | e mai ntai ni ng snoke-free operations. A 1.3 percent reduction
in O increases efficiency by approximately 1 percent.
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Figure 6
Water G rcul ation

The amount of excess air directly affects flanme tenperature E
The rate at which radiant heat is transmtted varies as the
fourth power of tenperature. The anount of heat transmtted by
radi ati on doubl es when the absolute tenperature of the radiating
source is increased by approximately 19 percent. The rate at

whi ch heat is transmtted by radiation froman oil flame can

i ncrease by 42 percent by increasing the tenperature of the
visible flame from 1725 to 1925 degrees F. Reducing excess air
used to burn fuel causes the flanme tenperature to increase.
Maxi mum fl ane tenperature is nornmally obtained with approximately
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3 to 5 percent excess air. A noderate increase in furnace
tenperature resulting froman excess air reduction can markedly
af fect the anount of radiant heat absorbed by boiler surfaces.

b) Maintaining Clean Boiler Tubes. Heat |oss due to
high exit gas tenperatures up the stack constitutes one of the
maj or efficiency |losses. A 40 degrees F increase in gas
tenperature up the stack will reduce efficiency by approximately
1 percent. Gas tenperature |eaving the econom zer is controlled
by soot bl owi ng which cleans surfaces and i nproves heat transfer.

The anobunt of heat transferred by conducti on depends on
type, thickness, and condition of conductive material as well as
the difference in tenperature. Heat is readily conducted through
metal, while ash, soot, and scal e are poor conductors. Figure 7
illustrates the effects of soot and scale. |f heating surfaces
becone coated with soot, scale, or other material, the firing
rate of the boiler nust be increased to raise gas tenperatures
and mai ntain the sane anount of heat transfer. Any deposit on
either side of the heating surface increases naintenance costs,
reduces efficiency, and nmay cause operator injuries or boiler
damage if a tube overheats and ruptures.

c) Mintaining Gas and Water Passages. Keeping gas
passages free from accunul ati ons of soot and ash, and nai ntai ni ng
gas baffles in good repair help to ensure proper gas velocities
to heat transfer surfaces. Keeping water passages free from
accunul ati ons of sludge and scal e ensures proper water flow and
velocity for cooling of heat transfer surfaces and generating
steam or hot water.

d) Maxi mum Ver sus Econom cal Heat Transfer. Maxi mum
and econom cal heat transfer are not the sane. It is rarely
possible to operate a boiler at tenperatures high enough to
obtain the maxi mum heat transfer rate because of materi al
l[imtations, particularly furnace brickwork. The maximm
tenperature that can be safely nmaintained is determ ned by, anong
ot her considerations, the kind of firebrick used, furnace
construction (self-supporting or supported), quantity and kind of
ash in the fuel, furnace size, and anount and type of cooling of
furnace walls (air cooled or water cooled). It is inportant to
maintain a | ow gas tenperature at the boiler outlet since this
results in high boiler efficiency. However, the rate of heat
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transfer may be relatively lowin this area because tenperature
differences are low. There is a practical limt on the velocity
of flue gas based on reasonabl e fan horsepower requirenents and
capabilities. Water velocity is fixed by boiler design and
cleanliness for any particular firing rate. Reduced water
velocity at a lower boiler firing rate results in reduced but
nore econom cal heat transfer rates. Mst of the above factors
are determ ned by design of the boiler. It is the responsibility
of the boiler manufacturer to bal ance requirenments of maxi num
heat transfer with econom cs and produce a cost-effective design.

BOILER TUBE BOILER TUBE
METAL WALL METAL WALL
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SAME AMOUNT OF HEAT
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Figure 7
Ef fects of Soot and Scal e on Heat Transfer
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Section 3: DESCRI PTI ON OF EQUI PMENT

3.1 Boi | ers and Heat Exchangers

3.1.1 Boiler Cassifications. There are a few fundanental
types of boilers and many variations of each type. Boilers are
generally classified as either fire tube or water tube. Boilers
are also classified by the form of energy produced; |ow or high
pressure steam |ow or high tenperature water. O her nethods of
classifying boilers are listed bel ow

a) Type of water circulation: natural circulation,
forced circul ation.

b) Type of steam produced: saturated, superheated.

c) Method of assenbly: package, nodular, field
erect ed.

d) Type of use: stationary, marine, power, heating.
e) Type of fuel: <coal, oil, gas, other.

f) Method of conmbustion: spreader stoker, fluidized
bed, pul verized coal

g) Boiler capacity: wup to 20,700 pounds per hour (up
to 600 hp for fire tube boilers; up to 10 mllion pounds per
hour for water tube boilers; up to 200 mllion Btu per hour for
hot water boilers).

3.1.2 Boi l er Design Requirenents. A boiler nust neet the
foll ow ng requirenents:

a) Qperational safety.

b) Generation of clean steamor hot water at the
desired rate, pressure, and tenperature.

c) Econony of operation and nmai ntenance.
d) Conformance to applicabl e codes.

A set of rules for the construction and operation of
boil ers, known as the ASME Boiler and Pressure Vessel Code, has
been wi dely adopted by insurance underwiters and Gover nnment
agencies. Section | of the Code contains requirenents for power
boil ers including nmethods of construction and installation,
materials to be used, design, accessories, and inspection.
Section IV of the Code contains requirenents for heating boilers.
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Low pressure steam boilers and LTWboilers are classified as
heating boilers. Section VI of the Code provides recomended
rules for care and operation of heating boilers, and Section VI
provi des recommended rules for care of power boilers. Oher
sections of the Code provide material specifications, nuclear
equi pnment requirenments, inspection requirenents, and wel di ng
qualifications.

3.1.3 Fabrication. Boilers, superheaters, econom zers, and
ot her pressure parts nust be built using materials and
construction nethods specified by the applicable sections of the
ASME Boi l er and Pressure Vessel Code. Repairs to boilers nust

al so be made in accordance with Code requirenments. Equi pnent
built and inspected in accordance with the Code nmust have an ASME
stanp. An "H' in a cloverleaf is stanped on heating boilers. An
"S" in a cloverleaf is stanped on power boilers.

3.1.3.1 Drunms, Shells, or Headers. Boiler druns, shells, or
headers are used to collect steamor hot water generated in the
boiler and distribute it within the boiler tubes. These
conponents nust be strong enough to contain the steam or hot
water and to hold the boiler tubes as they expand and contract

wi th changes in tenperature. The shells of fire tube boilers my
be reinforced by the use of stays to hold the boiler heads in

pl ace. These conponents are generally fabricated wth wel ded
seans and connections. R veted seans are no | onger used,

al though many old riveted boilers are still in operation.

3.1.3.2 Boi | er Tubes. Boiler tubes carry water, steam or flue
gases through the boiler. Boiler tubes are installed by
expanding or welding theminto seats in the druns or headers.

The expander tool consists of a tapered pin which fits into a
cage containing several small rollers. A different size expander
is required for each size tube. During installation, the
expander is slipped into the end of the tube and the tapered pin
is pushed into the cage until the rollers are agai nst the tube
walls. Then the pinis turned with a wench or notor, forcing
the rollers out against the tube, and sinmultaneously noving the
cage into the tube. This action distorts and stretches the tube,
forcing it to make a tight seal against the tube sheet. The
expander often has a stop which hel ps prevent overexpandi ng.
Boiler tubes are installed with ends projecting slightly beyond
the tube sheets. Projecting ends are flared slightly in water
tube boilers and allowed to remai n because they are surrounded
and cool ed by water or steam Since the tube ends of a fire tube
boi |l er are surrounded by hot gases, they would soon burn off if
allowed to project. They are therefore beaded and hamrered until
flat agai nst the tube sheet. This process also increases the
hol di ng power of the tube. It nust, however, be perforned
carefully to avoid damagi ng t he tube.
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3.1.3.3 Baffles. Baffles are thin walls or partitions
installed in water tube boilers to direct the flow of gases over
the heating surface in the desired manner. The nunber and
position of baffles have a marked effect on boiler efficiency. A
| eaking or mssing baffle permts gases to short-circuit through
the boilers. Heat that should have been absorbed by the water is
then dissipated and lost. Wth a | eaking baffle, tubes nay be
damaged by the "blow torch” action of the flame or hot gas
sweepi ng across the tube at high velocity, especially if the |eak
is in or near the furnace. Baffles nmay be nade of iron castings,
sheet nmetal strips, brick, tile, or plastic refractory.

Provi sions nust be made to permt novenent between the
baffl e and setting walls while still maintaining a gas-tight
seal. Ilron castings are nmade in long, narrow sections to fit in
t he tube |l anes and around the tubes. They can be installed only
while the boiler is being erected or assenbled, and their use is
l[imted by the tenperatures they can withstand. Sheet netal
strips are forned to fit around the tubes and are easily
installed after tubes are in the boiler. Their primary uses are
to help distribute flue gas within a pass and to mai ntain proper
tube spacing, rather than to function as baffles between adjacent
passes. This type baffle cannot be used in the high tenperature
areas of the boiler. Brick or tile baffles, nade of specially
shaped forns which fit between and around the tubes, can be
installed after the boiler has been erected and can be used in
any area of the boiler. Castable plastic refractory baffles are
usually installed by building a formand pouring the refractory
i ke concrete. The forns are then renoved after the refractory
has set. This type of baffle can be used at any |ocation in the
boiler and, if properly designed, can remain gas-tight for |ong

periods. It may be used to repair or replace other types of
baf f | es.
3.1. 4 Fire Tube Boilers. Many of the first steamboilers

produced were designed with the products of conbustion passing
inside the tubes. Fire tube boiler design has devel oped
primarily in the direction of the Scotch-type boiler shown in
Figure 8. The Scotch boiler is shop fabricated and is capabl e of
suppl yi ng saturated steam at pressures bel ow 250 psig at
capacities usually below 20,000 | b/hr. At pressures above 250
psig, the natural circulation of water and steamin this design
is not adequate for good heat transfer. At capacities above
20,000 I b/hr, the shell diameter becones too large to be
economcal. Scotch boilers cone in two, three, and four gas pass
designs, as illustrated in Figure 9. Wth nore gas passes and
nore heat transfer surface, boiler exit gas tenperatures are

| ower and efficiencies are higher. Wt back construction in a
Scotch boiler neans that a waterwall is provided at the outlet of
the first pass or furnace. Wt back construction reduces the
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hi gh mai nt enance costs often associated with dry back designs.
Scotch-type fire tube boilers can effectively fire natural gas
and fuel oils. Coal is a less desirable fuel because the first
tubes are not easily cleaned and ash renoval is restricted.
Advant ages of the Scotch boiler include the ability to respond to
rapid | oad swings due to the |arge volunme of stored water/steam
in the shell, lowinitial cost, |ow maintenance costs, and
general ease of control. Disadvantages include the difficulty
of produci ng superheated steam and pressure and capacity
limtations. Scotch boilers are also used to produce | ow
tenperature water. The other conmmon type of fire tube boiler is
the horizontal return tubular (HRT) design, illustrated in
Figure 10. The firebox in this type of boiler permts the
burni ng of coal using stokers or fluidized beds.

Figure 8
Four - Pass Scotch Boil er
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Figure 9
Two-, Three- and Four-Pass Scotch Boil er Designs
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Figure 10
Hori zontal Return Tubul ar Boil er
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3.1.5 Wat er Tube Boilers. Water tube boilers were devel oped
for a variety of reasons, including the need for higher
pressures, higher capacities, superheated steam faster response
to |l oad changes, and increased safety due to reduced water

vol une. Water tube boilers have water inside the tube and flue
gases on the outside. Early straight tube design boilers were
replaced with today's bent tube designs to increase the anmount of
avai | abl e heat transfer surface, to solve nechanical problens,
and for general economc reasons. Figure 11 illustrates a four-
drumboiler with a water-cool ed back wall. The bottomdrumis
called a mud drum because of the tendency of boiler sludge to
collect in this |ow area. Upper druns are called steam druns.
Water enters the top rear drum passes through tubes to the
bottom drum and then up through tubes to two front drunms. A

m xture of steam and water is discharged into these druns; steam
returns to the top rear drumthrough the upper row of tubes while
water travels through tubes in lower rows. Steamis renoved near
the top of the rear drumby a dry pipe extending across the drum
and is discharged through the steamoutl et header. Baffles are
arranged to encourage flue gas flow over boiler tubes for good
heat transfer. Two-drum boilers have generally replaced three-
and four-drumunits in nodern construction, because they are | ess
expensi ve to construct.
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Figure 11
Four - Drum Wat er Tube Boil er
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3.1.5.1 Refractory Furnaces. FEarly boiler designs utilized
refractory furnaces as conbustion zones. Sone furnaces used
arches and bridge walls to reflect heat and nai ntain high
tenperatures in specific zones for burning anthracite and ot her
hard coals. Since prolonged exposure to high tenperature damages
refractory material, it is necessary to maintain the heat
liberation rate (Btu per hour per cubic foot of furnace vol une)
of refractory furnaces within reasonable limts. These |imts
depend upon the type of refractory used, type of fuel, firing
nmet hod, type of heating surface exposed to the radiant heat, and
type of cooling mechani smused. Maximum heat |iberation rates
for refractory furnaces are in the ranges of 25,000 to 35,000 Btu
per hour per cubic foot at full load. In refractory wall
construction, it is inportant to allow for the thermal expansion
whi ch occurs as the refractory is heated to operating
tenperatures. Figure 12 illustrates typical expansion joint
arrangenents. The devel opnent of high al um na super-duty
firebrick, insulating firebrick, block insulation, castable
refractory, and plastic refractory have greatly inproved
refractory life and reduced radiation | osses from boiler

f urnaces.

]
|
1
|
11
| I
] | ]
Fl oor to Wall Expansion Joints Corner Construction Wth
St agger ed Expansi on
Joints (18" \Wall)
Figure 12

Ref ract ory Expansion Joints

3.1.5.2 Waterwal | Construction. Waterwalls were devel oped to
all ow the use of higher firing rates and hi gher furnace heat
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rel ease rates, while reducing heat | osses and nmai nt enance.

| mprovenents to waterwal | furnaces and associ ated casi ngs and

| aggi ng al so reduced air infiltration into the boiler, reducing
excess air levels and inproving boiler efficiency. The four
types of waterwall construction are: tube and tile, tangent tube,
studded tube, and nenbrane wall (Figure 13). The tube and tile
construction, which was devel oped first, provided only a partial
solution to the maintenance and heat |oss problens. M ninmm
practical tube spacing was limted by the ability to economcally
roll the tubes into drunms or headers. This, in turn, limted the
anmount of heat transfer surface added and the anount of
protection given to the refractory, thus limting the
practicality of tangent tube construction.

St udded tube construction was then devel oped and was

highly effective. 1In areas wth high heat rel eases such as
bridge walls and arches, studded tubes covered with refractory
are especially effective. Flue gas can still |eak through

studded tube wall construction under sonme circunstances,
resulting in corrosion of boiler tubes, and lagging. To obtain
conpletely gas-tight construction and nmaxi m ze heat transfer,
menbr ane wat erwal | constructi on was devel oped and renai ns the
best, though the nobst expensive, waterwall design.
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Figure 13
Waterwal | Construction
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3.1.5.3 Steam Drum Internals. Steam druns are equi pped with
mechani cal separators to ensure that the steam | eaving the boiler
does not contain solids or other inpurities and that steamfree
water is made available to continue the natural circul ation
process in the boiler. A dry pipe, the earliest device used, was
pl aced inside the shell or drumjust bel ow the steam outl et
nozzle. Nunmerous small holes drilled in the upper half of the
dry pipe cause separation of the steamfromthe water. The trend
in boiler design toward ever higher heat transfer rates nakes
separation of water and steamnore difficult and limts the
application of the dry pipe.

Conbi nati ons of baffles, cyclone type separators,
corrugat ed scrubbers, and perforated plates are now used to
effectively separate water and steam Figure 14 illustrates
nodern steamdruminternals. Cyclones are arranged in a row and
receive the water/steam m xture tangentially fromthe boiler
wat erwal | and generating tubes. Water is spun to the outside of
the cyclone and exits through the open bottom of the cycl one.
Steamis | ess dense and thus stays in the center and exits
t hrough the open top of the cyclone. Scrubbers further reduce
t he amount of water entrained. Solids in condensed steamfrom a
wel | - desi gned steam drum shoul d be | ess than 3 ppm

3.1.5.4 Cenerating Surface. Boiler tubes that connect the
upper and | ower druns are called generating surfaces and are
included with the waterwall surface in conputing the total
heati ng surface. Many different tube spacings are used,
depending on the type of fuel being fired. The tubes may be in-
line or staggered. A staggered tube arrangenent would not be
acceptable for coal-fired or heavy oil-fired boilers due to its
susceptibility to ash buil d-up; however, it provides better heat
transfer for gas-fired or light oil-fired units.

3.1.5.5 Super heaters. Sone processes and turbines require
steamthat is superheated above the saturated steamtenperatures.
Figure 15 illustrates a two-drum boil er equi pped with a

super heater, waterwalls, spreader stoker, and econom zer. Steam
fromthe steamdrumis directed to a superheater inlet header and
t hen t hrough superheater tubes to the outlet header and steam
outlet. A superheater can be arranged in many ways and may be

| ocated behind a row of generating tubes. These tubes cool
furnace gases sonewhat before reaching the superheater tubes and
shield the superheater tubes fromradi ant heat.
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3.1.5.6 Package Boil ers. Packaged water tube boilers are
factory assenbl ed, conplete with conbustion equi pnent, nechani cal
draft equipnent, automatic controls, and accessories. These
factory assenbl ed packages can be purchased in capacities
exceedi ng 200,000 I b/hr. Package boilers are available in three
basic configurations: "D/ " "A " and "O'" (Figure 16). Figure 17
illustrates a type "D' package boiler arranged for oil and gas
firing. Note that the flane travels | engthw se down the furnace
where conbustion is conpleted. Flue gases then nake a 180-degree
turn and conme back to the burner end of the boiler, exiting from
the side of the generating bank tubes. Historically, package
boi |l ers have been designed to fire only natural gas and oil.

Coal firing has not been practical due to the high ash content of
coal which would plug the boiler generating banks. Package
boi |l ers have been wi dely and successfully applied for central
boi |l er plant service.

Ll Corrugated scrubbers
MmN 2rorated distribution plate

4/;/\

Jlll[llm

Figure 14
Steam Drum I nternal s
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Figure 16
Package Boil er Configurations

Figure 17
"D' Package Boil er

3.1.6 Hot Water Cenerators. Hot water generators are often
call ed hot water boilers, even though little or no boiling
occurs. Modified Scotch boilers and a variety of package boilers
are avail able. These boilers have |limted and uneven water
circulation characteristics if natural circulation is utilized

48



M L- HDBK- 1125/ 1

because of the small natural circulation forces avail abl e.

Speci al boil ers have been devel oped that use forced circulation
to inprove heat transfer rates. The main difference in a water
tube hot water generator is the steam and nud druns are repl aced
with headers. The hot water generator is connected to a hot

wat er distribution system As water is heated in the hot water
generator, the water expands. Wen the hot water is distributed
to various heat exchangers, the water cools and contracts.

Figure 18 illustrates sone typical end uses for a | ow tenperature
wat er system An expansion tank, pressurized by either steam a
static water head, or inert gas, is provided to adjust for these
vol ume changes. One or nore centrifugal punps are required to
circulate water through the system Figure 19 illustrates a high
tenperature water system equi pped with an expansion tank, a
circulating punp for the generator, and a circulating punp for
the distribution system Mny other arrangenents are possible.

3.1.7 Econom zers. Econom zers are used to recover heat from
the boiler flue gases and thereby increase boiler efficiency.

The heat absorbed by the econom zer is transferred to the boiler
feedwater flow ng through the inside of the econom zer tubes.
Because feedwater tenperatures are much | ower than saturated
steam tenperature, an effective tenperature differential exists,
enabl i ng good heat transfer and | ow econom zer exit gas
tenperatures. Continuous tube construction is common. Bare
tubes are used for coal-fired boilers, while fin tubes or

ext ended surfaces are commonly used on gas- and oil-fired units.
Fi gure 20 shows a continuous bare tube econom zer. Figure 21
illustrates a steel-finned extended surface econom zer. The
extended surface pronotes heat transfer fromthe gas by providing
nore heating surface. Care nust be taken when sel ecting the
nunber of fins per inch. Extended surface econom zers on natural
gas-fired boilers may use up to nine fins per inch, while only
two fins per inch would be used for heavy oil-fired applications.

Provision for cleaning wth soot blowers is necessary
for econom zers on coal-fired boilers or sone oil-fired boilers.
Econom zers are usually arranged with gas flow down and water
flow up. This maxim zes heat transfer and helps to avoid water
hamrer. Econom zers are usually designed with water tenperatures
bel ow t he saturated tenperature of the water to avoi d producing
steam Econom zers shoul d be equi pped with a three-val ve bypass
on the water side to allow servicing or bypassing water at | ow
boiler loads. This helps to m nimze econom zer corrosion when
hi gh sul fur fuels are burned. Figure 22 provides curves which
establish m ninum nmetal tenperatures allowable for corrosion
protection in econom zers and air heaters. Methods for avoiding
corrosion during idle or standby periods are discussed in par.
4.3.16. Econonm zers are pressure parts and, as such, nust be
manuf act ured and stanped in accordance with the ASME Boil er and
Pressure Vessel Code.
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3.1.8 Air Heaters. Air heaters, |ike econom zers, are used
to recover heat fromboiler flue gases and thereby increase the
boiler efficiency. Heat absorbed by the air heater is
transferred to the conbustion air before the air enters the
burners and boiler. This preheated air not only inproves
efficiency by recovering otherw se |ost heat, but also can

i nprove the conbustion of sone fuels by pronoting higher furnace
tenperatures. There are two general types of air heaters:
recuperative and regenerative. Recuperative air heaters, |ike
the tubular air heater illustrated in Figure 23, transfer heat
fromthe hot flue gases on one side of the tube to the conbustion
air on the other side of the tube. Regenerative air heaters,
like the rotary heat wheel illustrated in Figure 24, transfer
heat indirectly by heating a plate with the hot gas and then
rotating that hot plate into the cool conbustion air which then
absorbs the heat. Rotary heat wheels are equi pped wth seals
that separate the flue gas side fromthe conbustion air side of
the wheel. Air infiltration fromthe air side to the gas side is
m nimzed but not elimnated, and is a factor that nust be

consi dered when sizing forced and i nduced draft fans. Provisions
for soot blowers are required if dirty or high ash fuels are
being fired. Cold end corrosion is nore of a problemin an air
heat er than an econom zer because of the | ow entering conbustion
air tenperatures. Figure 22 establishes m ninum all owabl e net al
tenperature if corrosion is to be controlled. Cold air bypass
ducts and danpers, hot air recirculation, steamcoil air heaters,
and | ow | evel econom zers are exanpl es of nmethods for preheating
the conbustion air before it enters the air heater. These

met hods hel p control cold end corrosion but also reduce the
efficiency of the systemby raising exit gas tenperatures.

3.2 Boi | er Accessories and Fittings

3.2.1 ASME Requirenments. To ensure safe operation, the ASMVE
Boi |l er and Pressure Vessel Code requires that boilers be equi pped
wth a water gage gl ass and gage cocks, water colum, pressure
gage, and safety valves. Forced circulation, HTWboilers that
have no water line do not require a gage gl ass and gage cocks,

but a tenperature gage is required. Detailed requirenents for
the location and installation of these accessories on power
boilers are found in Section | of the Code, and requirenments for
heating boilers are in Section IV. Section IV requires each
boiler to be equi pped with two controls to cut off the fuel
supply to prevent steam pressure or water tenperature from
exceeding boiler limts. These controls are pressure operated
for steamboilers and tenperature operated for hot water boilers.
Low wat er fuel cutoff instrunmentation is also required. Q- and
gas-fired boilers nust be equi pped with suitable flanme saf eguard
controls, safety limt controls, and burners which are approved
by a nationally recognized organi zati on.
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Regenerative Air Heater

3.2.2 Gage d ass, Gage Cocks. Each boiler nust have at |east
one water gage glass. |If the operating pressure is 400 psig or
greater, two gage gl asses are required on the sanme horizont al
line. Each gage glass nust have a val ved drain, and the gage

gl ass and pi pe connections nust not be less than 1/2-inch nom nal
pi pe size (NPS). The | owest visible part of the gage gl ass nust
be at least 2 inches above the | owest perm ssible water |evel,
which is defined as the | owest |evel at which there is no danger
of overheating any part of the boiler during operation. For
horizontal fire tube boilers, the gage glass is set to allow at

| east 3 inches of water over the highest point of the tubes,
flues, or crown sheet at its |lowest reading. Figure 25
illustrates a typical water gage. Each gage consists of a strong
gl ass tube connected to the boiler or water colum by two speci al
fittings. These fittings sonetines have an automatic shutoff
device that functions if the water glass falls. Requirenents for
the fabrication of these shutoff devices are also given in the
ASME Code. Wen the boil er operating pressure exceeds 100 psig,
t he gage gl ass nmust be furnished with a connection to install a
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val ved drain to sone safe discharge point. Each boiler nmust have
three or nore gage or try cocks located wthin the visible | ength
of the gage glass. Gage cocks are used to check the accuracy of
the boiler water |evel as indicated by the gage glass. They are
opened by handwheel , chai nwheel, or lever, and are cl osed by
hand, a weight, or a spring. The mddle cock is usually at the
normal water |evel of the boiler; the other two are spaced
equal |y above and below it. Spacing depends on the size of the
boi | er.

3.2.3 Water Columms. A water columm is a hollow cast iron,
mal | eabl e iron, or steel vessel having two connections to the
boiler. The top connection enters the steam space of the boiler
through the top of the shell or head, and the water connection
enters the shell or head at |east 6 inches bel ow the | owest

perm ssible water level. Pipe used to connect the water colum
to the boiler may be brass, iron, or steel, depending on the
pressure; it nust be at least 1 inch in dianeter. Valves or
cocks are used in these connecting lines if their construction
prevents stoppage by sedi nent deposits and if the position of the
operating nechani smindi cates whether they are open or cl osed.
CQut si de screw and-yoke gate val ves are generally used for this
service. Lever lifting gate valve or stop cocks with permanently
attached |l evers arranged to indicate open or closed position may
al so be used. These val ves or cocks nust be | ocked open.

Crosses are generally used in place of el bows or tees on piping
bet ween the water columm and the boiler to facilitate cl eaning
the line. A valved drain or blowdown Iine is connected to the
wat er columm for renoval of nud and sedinment fromthe Iines and
colum. Ends of bl owdowns shoul d be open and | ocated for ease of
i nspection. The water colum shown in Figure 25 is equipped with
hi gh and | ow water alarnms which operate a whistle to warn the
operator. The whistle is operated by either of the tw floats.

3.2. 4 Pressure Gage, Tenperature Gage. Every boiler nust be
equi pped with an easily readabl e pressure gage. The pressure
gage nust be installed so that it indicates pressure in the
boiler at all tinmes. Each steam boiler nust have the pressure
gage connected to the steam space or to the steam connection of
the water columm. A valve or cock nust be placed in the gage
connection adjacent to the gage. An additional valve or cock may
be | ocated near the boiler, provided that it is |ocked or seal ed
in the open position. No other shutoff valves may be | ocated

bet ween the gage and the boiler. The pipe connection nust be of
anpl e size and arranged so that it may be cleared by bl ow ng out.
For a steam boiler, the gage or connection nmust contain a syphon
or equival ent device which will develop and nmaintain a water seal
to prevent steamfromentering the gage tube. Pressure gage
connections nust be suitable for the maxi mum al | owabl e wor ki ng
pressure and tenperature. Connections to the boiler must not be
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| ess than 1/4-inch NPS. \Were steel or wought iron pipe or
tubing is used, it nust be at |least 1/2-inch inside dianeter.

The dial of the pressure gage nust be graduated to approxi mately
doubl e the pressure at which the safety valve is set, and it
shoul d never be less than 1-1/2 tines this pressure. Every hot
wat er boiler nust also have a tenperature gage | ocated and
connected for easy readability. The tenperature gage nust be
installed so that it indicates the boiler water tenperature at or
near the outlet connection at all tines.
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3.2.5 Safety Valves. Safety valves are installed to
prevent excessive pressure build-up in the boiler, superheater,
or econom zer. Safety valves are designed to quickly pop to the
full open position when the steam pressure rises to the set
point, and to quickly close when the pressure drops a preset
anount (bl omdown or bl owback). They nust close tightly w thout
chattering or | eakage, and remain tightly closed after reseating.
Their construction, installation, and performance are rigidly
prescribed in the ASME Code. No valve or stop is permtted

bet ween the boiler and safety valve, and the discharge |ine nust
be supported separately to prevent any undue stress on the val ve.

57



M L- HDBK- 1125/ 1

A recommended nethod of installation is showmn in Figure 26. Any
econom zer which may be shut off fromthe boiler nust have one or
nore safety valves. Every superheater nust al so have one or nore
safety valves |ocated near the superheater outlet. A safety
valve is defined as an "automatic pressure relief device actuated
by a static pressure upstreamof the valve and characterized by
full opening pop action.” A safety valve is used for gas or
vapor service, including steam Hot water boilers use a safety
relief valve which is defined as an "automatic pressure actuated
relief device suitable for use either as a safety valve or relief
val ve, depending on the application.” Safety valves and safety
relief valves are constructed so that the failure of any part
cannot obstruct the free and full discharge of steam or water
fromthe valve. Safety relief valves, |ike safety val ves, nust
be manufactured and stanped in accordance with the ASME Code.

3.2.5.1 Types of Safety Valves. One common type of safety
valve is the huddling chanber safety valve illustrated in Figure
27. This safety val ve opens rapidly because of the additional
area on which steam pressure is exerted as soon as the val ve
starts to lift fromthe seat, and because of the reaction of the
steamon the seat. This second action resenbles the action which
causes a free air, water, or steam hose to whip around when the
di scharge velocity is high. The area between the val ve seat and
the adjusting ring is called the huddling chanmber. As seen in
Figure 27, the clearance between the inside of the adjusting ring
and the feather is conparatively small. The boiler pressure is
exerted on the area of the feather which is equal to the inside
area of the seat bushing. As soon as the seat is slightly

di spl aced, steamstarts to flow through the val ve because of the
excessive boiler pressure. The steam cannot escape between the
feather and the adjusting ring as fast as it is flow ng through
the seat. As a result, pressure builds up under the feather.
This, in turn, increases the force available for pushing the
valve off the seat. The flow of steamis turned by the feather,
and this also exerts a force to open the valve. These two forces
cause the valve to pop open. Because of the larger area
subjected to the steam pressure and the reactive force of the

fl owi ng steam the valve does not close until the pressure drops
bel ow the pressure that caused it to open. The difference

bet ween the set or popping pressure and the closing pressure is
called the bl owdown. Jet flow and nozzle reaction safety val ves
are ot her common types.
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Huddl i ng Chanber Safety Val ve

3.2.5.2 Safety Valve Capacity. The safety valve capacity for
each boiler nust be such that the valve or valves will discharge
the steamthat can be generated by the boiler w thout allow ng
the pressure to rise nore than 6 percent above the hi ghest
pressure at which any valve is set, and in no case to nore than 6
percent above the maxi num al | owabl e worki ng pressure. The safety
val ve capacity nust be in conpliance with the ASME Code and nust
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not be | ess than the maxi num desi gned steam ng capacity as
determ ned by the manufacturer. The required steamreli ef
capacity (in Ib/hr) of the safety relief valves on a high
tenperature water boiler is determ ned by dividing the maxi mum
output in Btu/hr at the boiler nozzle by 1,000. Econom zer
safety val ve capacity is calculated fromthe maxi num heat
absorption in Btu/hr divided by 1, 000.

3.2.5.3 Safety Valve Settings. One or nore safety valves on
the boil er proper nust be set at or bel ow the maxi num al | owabl e
wor ki ng pressure. |f additional valves are used, the highest
pressure setting nust not exceed the maxi mnum al | owabl e wor ki ng
pressure by nore than 3 percent. The conplete range of pressure
settings of saturated steam safety valves on a boiler nust not
exceed 10 percent of the highest pressure to which any valve is
set. The pressure setting of safety relief valves on high
tenperature water boilers may exceed this 10 percent range
because safety relief valves in hot water service are nore
suscepti bl e to damage and subsequent | eakage than safety val ves
relieving steam It is recommended that the maxi num al |l owabl e
wor ki ng pressure of the boiler and the safety relief valve
setting for HTWboil ers be selected substantially higher than the
desired operating pressure to mnimze the frequency of safety
relief valve lift.

3.2.6 Boil er Qutlet Valves. Each steam discharge outlet from
a boiler, except the safety val ve and superheater connections,
must have a stop valve. |[If the valve is over a 2-inch pipe size,

it nmust be the outside screw and yoke rising-spindle type; the
spi ndl e position indicates whether the valve is open or closed
(Figure 28). A plug-type cock may be used if the plug is held in
pl ace by a gland or guard, if it allows renote indication of
opening or closing, and if it is used with a show openi ng
mechani sm When two or nore boilers are connected to a common
header, the steam connection from each boiler having a manhol e
opening nust be fitted with two stop valves and a free blow drain
between them Stop val ves shoul d consist, preferably, of one
nonreturn val ve set next to the boiler area, and a second val ve
of the outside screw and yoke type. However, two outside screw
and yoke type valves may be used. The nonreturn valve is a type
of check val ve which can be held closed (Figure 29). It can be
opened only by pressure in the boiler, and it closes when the
boil er pressure is |lower than the header pressure, a condition
whi ch may be caused by a burst tube, loss of fire, etc. The
valves require a very snmall difference in pressure for proper
operation. A dashpot is provided to prevent chattering or rapid
novenent of the valve. Ladders and catwal ks, chains, or other
means for operating the valves fromthe operating floors in
boi l er roons shoul d be provided.

61



M L- HDBK- 1125/ 1

NO.| DESCRIPTION
‘ 1 | 8opY
) 2 | BONNET
3 [ BONNET GASKET
(23) 4 | BONNET BOLT
@) S | BONNET 'BOLT NUT
6§ | DISC
@ 7 | DISC PIN
8 DISC RING—TRIM 6
(15) 9 | NANDWHEEL
® 11| HANDWHEEL NUT
12 | PACKING
() 13 | PKG. GLAND
' 9 14 | PKG. GLAND FLG.
(3) 15 | EYEBOLT
16 | EYEBOLT NUT
(5) 17| EVEBOLT RIVET
© T8 | REPKG. SEAT BUSHING
19 | SEAT RING
(6) 20 | STEM
21 | YOKE
(19 23 | YOKE BOLT
0 25 | YOKE BUSHING
(®)

Fi gure 28
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3.2.7 Bl owof f Val ves and Pi ping. Each boiler nust have at

| east one bl owoff connection installed at the | owest water space
avail able to allow renoval of sludge. The pipe used nmust not be
|l ess than 1 inch or over 2-1/2 inches. Extra-strong pipe nust be
used for pressures above 100 psig. The blowoff |ine nmust be
protected fromdirect furnace heat by brickwork or other heat-
resisting material which is constructed to allow for inspection
of the pipe. This is necessary because sedinent collects in the
bl owof f |line and, since there is no circulation of the water, the
pi pe may easily becone overheated and burn out. Care nust be
taken to ensure anple room for expansion and contraction at the
junction of the pipe and the setting. One slow opening valve may
be used in the blowff line for pressures up to 100 psig. Two

sl ow openi ng val ves, or a slow opening val ve and cock, are

requi red for pressures above 100 psig. A typical blowdown val ve
set is shown in Figure 30. A slow opening valve requires at

| east five conplete turns of the operating nechani smto change
fromthe conpletely open to the conpletely closed positions and
is used to avoid shock to the piping and possible injury to
personnel. Valves that have dans or pockets where sedi nent can
coll ect nust not be used. Boiler blowdown is provided for the
control of dissolved and suspended solids that concentrate in
steam boi | ers.

3.2.8 Fusi bl e Plugs. Fusible plugs are sonetinmes used on
fire tube boilers to provide added protection against |ow water.
They are constructed of bronze or brass with a tapered hol e
drilled | engthwi se through the plug and filled with a |ow nelting
all oy consisting nostly of tin. There are two types of fusible
plugs, fire actuated and steam act uat ed.

3.2.8.1 Fire-Actuated Plug. Fire-actuated plugs are filled
with an alloy of tin, copper, and lead with a nelting point of
445 to 450 degrees F. They are screwed into the shell or a
speci al tube at the | owest possible water level. One side of the
plug is in contact wwth the fire or hot gases, and the other side
with water. As long as the plug is covered with water, the tin
does not nmelt. |If the water | evel drops below the plug, the tin
melts and is blown out. The boiler nust then be taken out of
service to replace the plug. Fusible plugs of this type are
renewed regularly once a year. The old castings should not be
reused, but should be replaced with new plugs obtained fromthe
boi | er manufacturer.
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Fi gure 30
Bl owdown Val ve Set

3.2.8.2 St eam Actuated Plug. The steamactuated plug is
installed on the end of a pipe outside the drum The other end
of the pipe, which is open, is at the | owest perm ssible water
level. A valve is usually installed between that of the steamin
the boiler. The pipe is small enough to prevent water from
circulating inside it and cooling the plug. Water around the
plug is much cooler than the water in the boiler as long as the
end of the pipe is below the water |evel. However, if the water
| evel drops bel ow the open end of the pipe, cool water runs out
of the pipe and steam condenses on the plug. Steamnelts the
pl ug and steam bl ows out, warning the operator. This type of
pl ug can be replaced w thout taking the boiler out of service by
closing the valve in the plug line.

3.2.9 Soot Blowers. Soot, fine ash, and cinders can coll ect
on boiler tubes and cause a substantial decrease in the heat
transfer rate. These substances are very poor conductors of
heat; in addition, when excessive ambunts are deposited on the

t ubes, passages becone plugged and gas flowis restricted.
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Brushes, scrapers, hand | ances, and occasionally soot blowers are
used to renove these deposits in fire tube boilers. Hand | ances
and nmechani cal soot blowers are used to clean water tube boilers.

3.2.9.1 Brushes, Scrapers, and Hand Lances. Brushes and
scrapers are nmade in various sizes to fit the boiler tubes. They
are fastened to a long handle, usually a piece of pipe, and
pushed t hrough the tubes. Automatic brushing systens with vacuum
dust collecting attachnents are effective and common. A hand

| ance is a piece of pipe supplied with conpressed air or steam
Cccasionally, a special head is attached to the hand | ance. The
hand | ance may be needed to renpve deposits of ash or slag even
on boilers equi pped with nechani cal soot bl owers.

3.2.9.2 Mechani cal Soot Bl owers. Permanently nounted
mechani cal soot bl owers are used on water tube boilers. These

bl owers are nmounted on the setting walls or boiler supporting
structure at several points, to clean as nmuch of the surface as
is practical. Blowers consist of a head that admts steamor air
and turns the elenent, the elenent itself that distributes the
steamor air, and the necessary bearings, piping, and other
supports.

The head consists of an operating nmechanism usually a
chain or handwheel operating two gears, for turning the el enent
within alimted arc; a poppet valve for admtting and
controlling the flow of steamor air to the elenent; and a cam
for opening and closing this valve (Figure 31). The poppet val ve
is adjusted at start-up to obtain proper steamor air regul ation.
The camis cut or adjusted to establish the proper blow ng arc
and prevent steamor air fromstriking and cutting the baffles,
druns, tubes, or headers.

El ements are tubes containing a nunber of nozzl es.
These nozzl es are spaced along the elenent to bl ow between the
boil er tubes for |ance blowi ng, or at a nunber of tubes for nmass
bl owi ng. \When elenents are installed for |ance blowng, it is
i nportant that the nozzle spacing fit the boiler tube spacing and
that the elenments are |l ocated properly. Failure to observe these
precautions may result in cut tubes because of the high velocity
of discharge fromthe nozzles. Elenents are nade of plain,
carburized, or alloy steel, depending on the tenperature to which
they are to be subjected; elenents are supported at regul ar
intervals by bearings clanped on the boiler tubes. The distance
bet ween these bearings is determ ned by flue gas tenperature in
that specific area.
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Mechani cal Soot Bl ower

3.3 Fuel - Handl i ng and Conbusti on Equi pnent

3.3.1 Coal Conbustion Equi pnent. Coal may be fired by one of
four met hods:

66



M L- HDBK- 1125/ 1

a) Manually on stationary grates

b) Automatically by stoker

c) In suspension as pul verized coal
d In a fluidized bed

Manual firing of coal using stationary grates is not
used in nodern central heating plants because of the limted
capacity of hand-fired grates and the anmount of |abor necessary
to operate the equipnent. This handbook contains no further
di scussion of manual firing. The follow ng paragraphs describe
t he conbustion equi pnent required for the other nethods of coal
firing and typical coal specifications applicable to each nethod.

3.3.1.1 St okers. Stokers were devel oped to automate and

i ncrease the capacity of the sinple hand-fired grate. Automatic
fuel feed and ash disposal systens were added to reduce the |abor
requi renents, and capacity was increased by the addition of
forced draft fans, control danpers, and air conpartnents to
pronote better fuel and air mxing. The result is that stokers
have several advantages over hand firing: they permt the use of
cheaper grades of fuel, maintain better furnace conditions,

i ncrease conbustion efficiency, require | ess |abor, and increase
the boiler capacity. Stokers may be divided into four general

cl asses: underfeed, spreader, traveling or chain grate, and

vi brating grate. Spreader, traveling, chain, and vibrating
stokers are overfeed stokers, in that fuel is fed from above the
bed. Each type has its own application, depending primarily on
the characteristics of the fuel used. The choice of the proper
stoker al so depends upon factors such as the size and capacity of
the boiler, the ash content and clinkering characteristics of
fuel, and the anmobunt of draft avail able.

3.3.1.2 Underfeed Stokers. Underfeed stokers receive their
name fromthe fact that fresh fuel is supplied bel ow the burning
zone. The fuel bed consists of three zones: fresh or green coal
on the bottom the coking zone in the mddle, and the

i ncandescent or burning zone on the top. Fresh fuel enters the
bottom of one end of a retort, is distributed over the entire
retort, and is forced to nove gradually to the top where it
burns. As the coal travels up fromthe bottomof the retort, its
tenperature gradually rises, causing the volatile natter to
distill off, mx with the air supply, and pass up through the
hotter zones of the fuel bed. The tenperature of the m xture of
vol atile matter and air gradually increases until the m xture
ignites and burns. The m xture may burn just bel ow the surface
of the fuel bed or imedi ately above it. The coke renaining
after the volatile matter has distilled off continues to nove to
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the top; its tenperature gradually rises above its ignition
tenperature and burns. The vertical novenent of the coal through
the bed is acconpani ed by novenent of the burning coke toward the
ash discharge area. The conbustion process is practically
conpleted by the tine the remaining material reaches this area.
The remai ning conbustible matter or fuel conpletes its conbustion
in this area before the ash is renmoved. Air enters through
openings in the stoker called tuyeres, which are usually | ocated
at the top or sides of the retort.

Under f eed stokers nay be classified by the nunber of
retorts (single, double, or multiple) and the nmethod of feeding
(screw or ram. Single retort stokers nmay be screw or ram feed.
Figure 32 illustrates a single retort, screw feed ramdistributor
stoker. Miltiple retort stokers usually conbine a gravity or
overfeed action with the underfeed, and are al ways ram f eed.
They are used only on large boilers. Coal sizing requirenents
are established by the stoker manufacturer, with a top size of
1-1/2 to 2 inches and not nore than 50 percent slack being
typical. The principal elenments of an underfeed stoker are
hoppers, feeders, retorts, and a conbustion air fan. Each is
di scussed in the foll ow ng paragraphs.

a) Hoppers. Hoppers with a capacity of several
hundred to several thousand pounds of coal are provided to supply
fuel to the feeder. Sone hoppers are equi pped with agitators but
nost depend on the sl ope of hopper sides to prevent coal from
bridging. O fset hoppers are occasionally used to permt access
to the boiler front.

b) Feeders. Feed screws or reciprocating rans may be
used to deliver coal fromthe hopper to the stoker retort as
shown in Figure 32. Even distribution of coal is obtained by the
shape of the screw, shape of the retort, and the stroke of
distributing rams. The coal feed rate is controlled by a drive
mechani sm whi ch adjusts the speed of the screw or ram An
electric notor or steamturbine is used to drive the stoker via a
mechani cal or hydraulic speed reducer. Ramfeed stokers may
utilize oil, air, or steamdriven cylinders to nove the ram and
are generally set up to allow nultiple feed rates. Shear pins or
relief valves are provided to protect the equi pnment agai nst
overload or binding. Belt guards and gear and shaft covers are
provi ded for operator protection.
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Fi gure 32
Screw Fed Singl e-Retort Stoker

c) Retorts. Size and shape of the retort depends on
the coal -burning capacity of the stoker. Retorts in the smaller
units are nearly square, while those in |larger units are obl ong.
The tuyeres or tuyere bl ocks through which air is admtted to the
fuel bed are made in conparatively small sections to allow for
expansion and to mnimze thermal stress. The tuyere bl ocks form
the top of the retort and are surrounded by either dead plates or
dunp plates. Dunp plates are ordinarily made to permt air to
pass through them Tuyere bl ocks may be high and sl ope away from
the retort, or recessed below the dead plate. They may be of
ei ther stationary or novabl e design.

d) Conbustion Air Fan. Centrifugal or axial fans are
used to supply air to a wi ndbox under the retort and to overfire
air ports. The w ndbox may be divided into zones to permt
better control of conmbustion air. Volune of the air supplied is
controlled by inlet or outlet control danpers on the fan.
Airflow should be controlled automatically to correspond to
changes in the firing rate. Methods of control are discussed in
par. 3.4.2.
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e) Fuel Characteristics. |In practical applications,
fuels ranging fromlignite to anthracite have been burned
successfully on single retort underfeed stokers. However, this
type of stoker is nost widely used for Eastern caking and mldly
caki ng bitum nous coals and many of the M dwestern free burning
coals, especially those having an ash fusion tenperature
sufficiently high for successful utilization in the relatively
thick fuel beds that characterize underfeed burning. For
satisfactory stoker operation, coal sizing is as inportant as
coal analysis. The size of coal best suited for single retort
stokers is that designated commercially as 1-inch to 1-1/2-inch
nut and sl ack, preferably containing not nore than 50 percent
slack. Slack is defined as coal of a size that will pass through
a 1/4-inch round hole screen. For nmultiple retort underfeed
stokers, the ideal coal should vary in size from2 inches to
slack, with not nore than 50 percent slack. The volatile content
shoul d preferably be between 20 and 30 percent, the ash content
shoul d range between 6 and 8 percent, and the ash softening
t enperat ure shoul d be above 2400 degrees F in a reducing
at nosphere. Ilron content of the ash should not be nore than 20
percent as Fe,O, for this range of softening tenperatures and not
nmore than 15 percent if the softening tenperature is between 2200
and 2400 degrees F.

3.3.1.3 Spreader Stokers. Spreader stokers conbine sone of the
best features of hand and pul verized coal-firing nethods. This
met hod of coal feed permts smaller particles to burn in
suspension in the furnace, approximting the action of pulverized
coal firing. The remainder of the coal is deposited on top of
the burning coal, as in hand firing. Oher simlarities to

pul veri zed coal firing are the presence of fly ash in flue gases,
the wi de range of fuel which can be handl ed, and responsiveness
to rapid load fluctuation. Spreader stokers are not affected by
t he caki ng or noncaking properties of coal to the sane extent as
ot her types of stokers, and they can handl e coal ranging in size
fromdust to about 1-1/4 inches. The furnace volune to permt
fines to be burned in suspension is usually about 50 percent

| arger than that required for an underfeed stoker. The depth of
the grate is limted by the ability of the stoker to spread coal
evenly, and its width is limted by the wdth of the boiler;
however, several stoker units can be placed side by side to
provi de the necessary capacity. Spreader stokers with conbi ned
traveling grates have been applied to boilers with capacities up
to 400, 000 pounds of steam per hour. Although the ability to
burn i nexpensive coal screenings is one of the chief advantages
of spreader stokers, fly ash em ssions increase greatly as the
percentage of fines is increased. Thus, under nobst conditions,
spreader stokers require sone type of dust collectors. Spreader
stokers operate with conparatively thin fuel beds, are sensitive
to | oad changes, and are well adapted to regulation by automatic
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conbustion control equipnment. The thin fuel bed is a decided
advantage in followng fluctuating |loads. Figure 33 illustrates
a power dunping type spreader stoker. The principal elenents of
a spreader stoker are descri bed bel ow.

a) Feed Mechanism The feed mechani smconsists of the
feeder and the spreader. The spreader is constructed with either
an underthrow or overthrow rotor. An overthrow rotor receives
the coal directly and throws it into the furnace. An underthrow
rotor picks coal out of a circular tray and throws it into the
furnace. Figure 34 illustrates a chain type feeder with an
overthrow rotor. Paddles (rotor blades) are usually set in
either two or four rows around the rotor, with those in one row
tw sted at an angle to throw the coal to the right, and those in
the next row arranged to throwit to the left. In sonme designs,
the paddle is curved to provide uniformcrosswi se distribution.
An oscillating plate or ratchet-driven roll feeder is used to
supply coal to the rotor. The rate at which coal is fed is
regul ated by varying the length of the stroke of the oscillating
plate or the speed at which the roll is turned. Speed or
position adjustnments are also provided to regulate distribution
of fuel along the length of the grate. The feeder nechani sm
grates, and air supply are usually constructed to operate as a
unit. Feeders are usually driven froma single line shaft, with
each having its own drive gearing. Wen dunping grates are used,
sections of the fire can be cleaned alternately by shutting off
fuel to one feeder and allowing fuel to burn out in that section
of grate before dunping. Vari abl e speed-driven nmechani sns are
simlar to those found on underfeed stokers. Variable speed
notors often replace nechanical gearing to drive the individua
feeder and distribution shaft on newer designs.

b) Overfire Air Fan. A separately driven centrifuga
fan is provided to supply overfire air necessary to nmaintain
proper fuel and air m xing and conpl ete conbustion. A portion of
the overfire air may also be used to cool the feed nmechani sm and
aid in distribution of coal.

c) Cinder Reinjection System Since the spreader
stoker burns a significant percentage of coal in suspension,
carry-over of unburned coal is commobn. To inprove boiler
efficiency by reducing this unburned carbon I oss, fly ash and
coal can be collected in a nmechanical collector at the boiler
outl et and put back into the boiler furnace. This is done by use
of a cinder reinjection fan and aspirator which picks up fly ash
and coal and pneumatically conveys it back to the furnace via
speci al piping and reinjection ports.
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d) Gates. Stationary, dunping, vibrating, and
traveling grates nay be used with a spreader stoker installation.
Traveling grates are nost commonly used on nodern installations.
Provision is nmade under the grates for proper air distribution
and ash collection. Figure 35 illustrates a spreader stoker with
traveling grate installation.

e) Conbustion Air Fan. As with all stokers,
conbustion air under pressure is needed to ensure conpl ete and
efficient conbustion and control. Inlet or outlet danpers are
provided to control the airflow rate.
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Fi gure 35
Traveling Chain G ate Stoker

f) Fuel Characteristics. Spreader stokers were devel oped
to burn | ower grades of coal, but they are capable of handling
all ranks fromsem-anthracite to lignite, plus nunerous waste
and by-product fuels. As m ght be expected, spreader stoker
performance i s best when quality and sizing are good. The thin,
qui ck-burning fuel bed requires a relatively small size fuel
The spreader stoker will burn fuel ranging fromslack or carbon,
all through 1/8- or 1/4-inch screen, to 1-1/4-inch or
1-1/2-inch nut and slack. Considerable range in size content is
necessary for satisfactory distribution, and if there is a good
bal ance between coarse and fine particles the burning rate and
ash bed thickness are practically uniformover the entire grate
surface.

3.3.1.4 Traveling Grate and Chain Grate Stokers. These types
of stokers consist of an endless belt grate which noves slowy
and conveys the burning coal fromthe feed end to the ash

di scharge end of the stoker. Wth chain grate stokers, |links are
assenbl ed so that as they pass over the rear idler drum a
scissor-like action occurs between links. This action helps to
break | oose clinkers which may adhere to the grate surface.
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Traveling grate stokers do not have this scissor action and
therefore are not normally used with clinkering coals. Figure 35
illustrates a traveling chain grate stoker. Traveling or chain
grates may be used with the spreader feeders discussed above, or
coal may be placed directly on the stoker, as described bel ow

a) Feed Mechanism A hopper on the front of the
stoker has an adjustable gate that regul ates the depth of the
fuel bed. The rate of feeding coal to the furnace is regul ated
by changing the speed at which the grate travels. The anmount of
ash carry-over fromthe furnace is kept to a mnimumwth this
feeding nethod, and fly ash injection, typical of spreader
stokers, is not required. Figure 35 illustrates the overfeed of
coal onto a chain grate.

b) Conbustion Air. Space between the grates is
divided into zones and flow of air to each of these zones is
controlled by danpers. This is necessary if uniform conbustion
is to be attained, because resistance of the fuel bed to fl ow of
air decreases as grates nove to the rear. It would be
practically inpossible to get proper air distribution if these
zones were not provided. Overfire air is also provided to
conpl ete conbustion of volatile matter driven off fromthe fue
bed.

c) Fuel Characteristics. Fuels nost widely used on
traveling grate stokers are anthracite, sem -anthracite,
noncaki ng or free-burning bitum nous coal, subbitum nous coal,
[ignite, and coke breeze. Sone bitum nous coals of the caking
type may be burned on traveling grate stokers if coal is of an
optinmum si ze, has been allowed to weather, and is tenpered to
approxi mately 15 percent noisture. Coal sizing for traveling
grate stokers may be related to the ASTM cl assification of coal
by rank (ASTM D388).

3.3.1.5 Vi brating Stokers. In this type of stoker, grates are
inclined at an angle of about 14 degrees. Coal is fed froma
hopper at the front of the furnace. The fuel bed is progressed
by intermttent grate vibrations. Ash is discharged over the end
of the grate (Figure 36). Furnace water tubes are positioned
under stoker grates to cool grate bars; and air conpartnents are
provided to control conmbustion air. Overfire air is generally
provided at two elevations. The firing rate is controlled by

adj ustnrent of a hopper feed gate, frequency of grate vibration,
conbustion air danpers, and overfire air danpers.
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Fi gure 36
Water Cool ed Vibrating G ate Stoker

a) Fuel Characteristics. The water cooled vibrating grate
stoker is suitable for burning a wi de range of bitum nous and
lignite coals. Even with coals having a high free swelling
i ndex, gentle agitation and conpaction of the fuel bed tends to
keep the bed porous without the formation of large clinkers
general ly associated with |ow ash fusion tenperature coals. A
wel | -distributed, uniformfuel bed can be maintained w thout blow
hol es or thin spots.

3.3.1.6 Pul veri zers

a) Ceneral. The function of a pulverized coal system
is to pulverize coal, deliver it to the fuel-burning equi pnent,
and burn it in the boiler wwth a m ninum of excess air. Burning
pul veri zed coal becones cost effective in |arge capacity systens
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(over 100,000 Ib/hr steamflow and can offer several advantages
over stoker coal, such as:

(1) Ability to achieve nmuch hi gher capacities.

(2) Ability to use coal sizes fromfires up
to 2 inches.

(3) Inproved response to | oad changes.

(4) Increased thermal efficiency because of | ower
excess air requirenents and | ower carbon | oss.

(5) Less nmanpower requirenents.
c) Types of Pulverizers

(1) Ball MII. The ball mll consists of a
hori zontal rotating cylinder filled with a charge of steel balls
of various sizes to a level just below the hal fway mark. The
interior of the cylinder is fitted wwth cast iron liners and is
rotated at speeds of 20 to 30 rpm Balls are carried part way
around the circunference of the cylinder and fall toward the
center. Coal intermngling with balls is pulverized. Hot air
passi ng through the cylinder dries the coal and renoves the
fines.

(2) Bowl MII. Material fed to the pulverizer
falls to the center of the revolving bowl where it is thrown by
centrifugal force between the grinding ring in the revolving
bow, and the rolls. Pressure for grinding is inparted to the
rolls by springs. A typical bowl mll is shown in Figure 37.

Air enters the mlIl housing below the bow and passes upward past
the bowl, where it picks up the partially pulverized coal that
has been di scharged over the edge of the grinding ring. The air
and pul verized coal mxture is carried into an adjustable
classifier where a spinning action is inparted to the m xture.
The degree of spin determnes the sizing of the finished product.
The oversize is returned to the bow fromregrinding.

(3) Ball-Race Pulverizers. |In ball-race
pul verizers (Figure 38), balls used as the grinding elenment are
confined between two races. The balls are driven by rotating the
upper or lower race, or the internediate race in the case of
multi-ring units. Pressure for crushing is supplied by springs
forcing the race together. Coal circulation is affected by nmeans
of preheated air under pressure supplied by a blower. Fines and
coarse particles are carried to a classifier. Coarse particles
are returned for regrinding while fines are carried onto burners.
Fi neness of coal at the outlet of the classifier is regulated by
adj ust abl e vanes.
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Figure 38
Bal | Race

(4) Attrition Pulverizers. Figure 39 illustrates a pulverizer

t hat conbi nes inpact and attrition forces. Coal and primary air
enter the unit through a feed chute. A series of hamrers nakes
up the primary pulverizing stage which breaks down and |unps to a
granul ar size. Partly ground coal passes around the outside of
the rotor into the final pulverizing stage, which consists of
stationary and rotating pegs. Coal in the turbulent airstream
rubs agai nst the pegs and other coal particles to be reduced by
attrition.
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3.3.1.7 Fl ui di zed Bed. Fluidized bed conbustion is a
relatively new nethod of burning coal while conplying with sul fur
di oxi de em ssion regulations. In fluidized bed conbustion, coal
is introduced into a bed of linmestone or sand particles which is
kept in a fluidized state by a flow of high pressure air from
forced draft (FD) fans. Conbustion takes place in the bed. The
sulfur in the fuel conbines chemcally with |inestone in the bed,
form ng cal ci um sul phate and cal ci um sul phite which can be
removed with the ash handling system elimnating the need for
scrubbers to clean flue gases. The main advantage of the
fluidized bed boiler is its ability to control sulfur dioxide

em ssions. However, it also has the ability to burn a w de
variety of fuels as discussed bel ow The di sadvant ages of
fluidized bed boilers are added el ectrical operating costs
associated wth | arger conbustion air fans necessary for
fluidizing the bed, higher particulate and unburned carbon
carryover fromthe furnace, and high initial cost. Figure 40
illustrates a fluidized bed fire tube boiler. Fluidized bed

wat er tube boilers are also available. Note that a baghouse or
precipitator is required for particulate control.

a) Fuel Characteristics. Fluidized bed boilers nay be
used to burn al nost any fuel, including not only bitum nous and
anthracite coals but also lignite, refuse, wood, and various
solid waste fuels.

80



M L- HDBK- 1125/ 1

induced
q Draft Fan
Limestone Bunker A
Coal Bunker @ e @ (o)
I -k s Mechanicai
l} b - Dust
Firetube Heating Surface Collector
. -
g
AP,
Va3
)2
pes
Variable Speed &g r
Variable Coal Feed - J-
Speed Kl
Limestone Pilot Carbon Reinjection 2=
Feed Ignitor| e 2 v
Watertube - = L ash
Water Bed Dividers "7 2im "V Disposal
Cooled /5 -
Combustion A .
_@ Chamber 7 Forced Draft Fans
ontrol Pane .
00000 Collectior @ ©
0eoB Chamber| ‘
I O — -— -—
I Fuel Oil Train A )
Fuel Gas Train Air Distnbution Chamber
Figure 40
Fl ui di zed Bed Fire Tube Boil er
3.3.2 Coal - Handl i ng Equi pnment. A great many types of coal -

handl i ng equi pnent wth capacities ranging froma fewtons to
several hundred tons per hour are available. The kind of

equi pnent selected is determ ned by such factors as size of

pl ant, total anount of fuel to be burned, nethod of receiving the

coal (rail, truck, or water), regularity of delivery, Kkinds of
coal available, and relative locations of the plant and storage
areas. It is usually advantageous to keep a certain anmount of

coal in storage, in case deliveries are delayed for any reason
The anobunt of coal stored depends on the rate at which it is
burned, space avail able for storage, and frequency of delivery.
The quantity stored should normally be sufficient to operate for
90 days or |onger at peak denmand.
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3.3.2.1 Storage. Coal may be stored in covered bins or
bunkers, in silos, or in the open. Only relatively small anounts
of coal can be stored in bunkers and silos. The anount that can
be stored on the ground is limted only by the space and coal

handl i ng equi pnent available. |If coal is to be stored on the
ground, the selected area should be prepared to reduce | oss of
fuel due to mxing with foreign material. The site may be

| evel ed and firmy packed, stabilizing materials may be used, or
a concrete or asphalt surface may be laid. Silo storage is

di vi ded between |ive and dead storage. The dead storage in silos
shoul d be shifted at | east once per nonth. Were obvious heating
occurs, shifting of dead storage should be as often as required
to mnimze spontaneous heating and to avoid fires.

3.3.2.2 Coal Handling in Plant. Figure 41 illustrates a
typi cal coal handling system It includes the follow ng major
conponents: tractor truck hopper, feeder, bucket el evator or
conveyor, bunker or silo, and a coal weighing device.

a) Hoppers. Hoppers receive coal fromtrucks or coal
cars and deliver it to a feeder or conveyor system Hoppers
usual | y have grates nade of steel rods or bars to prevent passage
of oversized material that could plug or damage the conveying
equi pnent .

b) Feeders. Many types of feeders are available to
convey and regulate the flow of coal fromthe hopper to the
bucket el evator or other parts of the system Apron feeders and
flight feeders are continuous chain feeders that are often used.
Final selection is dependent on the particular site
characteristics.

c) Bucket Elevators. A bucket elevator consists of an
endl ess chain, twin chains, or belt to which buckets are
attached. It is used to |ift coal vertically. The three nobst
common types of bucket el evator discharges are centrifugal
perfect, and continuous (Figure 42). Elevator boots are provided
with cl eanout doors for renoving dropped coal. Sone bucket
el evators can al so convey coal horizontally. Belt conveyors and
drag-type flight conveyors are other effective devices for
delivering coal to bunkers.

d) Bunkers and Silos. Bunkers and silos provide
covered storage of coal. Bunkers are nmade of steel and are often
lined wth a protective coating to mnimze corrosion and
abrasion. Hopper bottom and di scharge gates are provided to
renmove coal fromthe bunker. Silos are constructed of either
steel or concrete and are often provided with |ive storage
sections and reserve storage sections.
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Figure 41
Coal Handling System
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Figure 42
Types of Bucket El evators

e) Coal Wighing. Know edge of quality and quantity
of coal used is essential for efficient operation of a boiler
plant. No standard nethod of wei ghing coal can be prescri bed,
since many types of equipnent are avail able for doing the job
manual |y or automatically. Coal may be weighed directly with
wei ghi ng equi pnent, or indirectly with equi pnent that measures
its volunme. Weighing equipnent ordinarily consists of automatic
or semautomatic weigh larries. As shown in Figure 43, a weigh
larry consists of a framework that supports a hopper nounted on
scal e beans. The framework can be noved over various bunkers.
The coal hopper of the larry is filled and the wei ght determ ned
and recorded. The larry is then noved to desired stoker hopper
and dunped. Coal scales that weigh coal automatically are al so
avai l able. One type of scale consists of three major assenblies:
a belt feeder, weigh hopper with bottom dunp gate, and wei gh
|l ever with controls. A nmechanical register is provided to record
anmount of coal delivered. A belt feeder transfers coal into the
wei gh hopper until the weigh lever is balanced. The weigh hopper
is then dunped and the cycle is repeated.
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3.3.3 Ash Handling Equi pnment. Ash typically requires renoval
fromseveral collection points in the boiler. Ash that is
renmoved directly fromthe furnace or stoker is termed "bottom
ash" and may be in hard, agglonerated clinkers. Ash that is
removed from various dust collection points is ternmed "fly ash”
and tends to be light, fluffy, and relatively free flow ng. Ash
is generally handl ed together and di sposed of in a permtted
landfill, especially on small systenms. Depending on individual
circunstances, it may be desirable to segregate the bottom and
fly ash and handl e them separately. This could be advant ageous,
for instance, if a commercial market existed for one of the
products (fly ash may be used in the manufacture of concrete;
bottom ash may be used as a wnter road treatnent, etc.). Medium
and | arge plants generally enploy conplete ash di sposal systens,
while small plants may use sinpler and | ess automatic equi pnent.
The three general types of ash handling systens are pneumati c,
hydraul i c, and nmechanical. Conbinations of these three systens
are often used.

Figure 43
Wei gh Larry
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3.3.3.1 Pneumatic Ash Handling. Figure 44 illustrates a

vacuumtype pneumati c ash handling system In this illustration,
the vacuumis created by a steam exhauster; however, notor-driven
vacuum punps are al so available. |ntake hoppers provided at

desired locations admt ash to the system One end of the ash
conveying line is open, and suction created by the exhauster
causes a rapid flow of air through the line. Dry ash is admtted
to primary and secondary ash receivers, which are equipped with
count er bal anced drop doors. A tinmer limts the period of
operation to short cycles to permt dunping ashes into the silo.
As the system goes into operation, negative pressure in the
receivers closes and seals the drop doors. At the end of each
cycle, the doors swi ng open when pressure is equalized, and drop
ashes into the silo below. The air washer condenses incom ng
steam fromthe exhauster, washing out ash and dust particles
exhausted to the atnosphere. The m xture of water and dust
passes to a sunp, where dust settles and water is drawn off to
wast e.

Figure 44
Pneumati c Ash Handling System

It is necessary to clean the sunp periodically to
prevent clogging the sewer. An exhaust silencer is available for
this system where desired. An unloader is usually provided and
consists of an inclined revolving drum containi ng water sprays
that wet the ashes as they are discharged fromthe bottom of the
silo. Vacuum systens are limted in the distance they can nove
ash effectively, and pressurized pneumatic systens or conbination
vacuum pressure systens are available if the conveying distances
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becone too great. Pneumatic systens are nost commonly used for
conveying fly ash but are also occasionally used for bottom ash
on small systens.

3.3.3.2 Hydraulic Ash Handling. Figure 45 illustrates a
hydraulic ash handling system This is a pressure velocity
systemin which force is provided by a series of high pressure
water jets. Wien the system operates, ash is taken fromthe ash
j et hopper beneath the boiler. Sprays and water jet nozzles
flush material out of the hopper and through a grid which retains
any large clinkers for breaking. Sone systens are equi pped with
clinker grinders. The ash is then jetted through an abrasion
resistant sluice gate to a sunp pit or landfill. Fly ash and
dust are aspirated pneumatically from dust hoppers by water jet
exhausters and passed through an air separator where air is

coll ected and vented to the atnosphere. Finally, the m xture of
fly ash, dust, and water is discharged through the sluice gate to
the sunp pit or landfill. Hydraulic systens are normally used
for bottom ash conveying. They are used infrequently on new
installations due to environnental and water usage regul ations.

. Dry Storsge Silo
Fiy Ash Hoppers i —"-(Fly Ash)

3;_......4.—. —————

AL o v oy . X "
Wet Storage Sump . ]
(Bottom Ak} ;£

Figure 45
Hydraul ic Ash Handling System

3.3.3.3 Mechani cal Ash Handling. Drag, screw, and bucket
conveyors can be used to nove ash fromboiler ash pits to storage
bins, silos, or containers. Mechanical systens are used
primarily with small stoker fire boilers, and may be utilized for
ei ther bottomash or fly ash
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3.3.4 Ql-Firing Equiprent. G| has a nunber of advantages
over coal when used to generate steamor hot water: cost of fuel
handling is lower, less labor is required for operation and

mai nt enance, | ess storage space is required, initial cost of the

oil systemis |lower, and higher efficiencies are possible. 1In
addition, oil does not normally deteriorate in storage; it is a
clean burning fuel and is easy to control. A disadvantage of oi

is the greater danger of explosions (which |leads to nore

el aborate flane safety controls), and its cost (which is two or
three tines higher than coal on a heating value basis). Refer to
pars. 2.4.1.1 and 2.4.5 for a nore detail ed discussion of fuel

oil and the conbustion process, and to Table 3, which presents
physi cal properties of comon grades of fuel oil. The operator
should be famliar with the fundanental principles of conbustion
to make the best use of this concentrated and val uabl e fuel.

3.3.4.1 Types of G| Atom zers. Burners in central heating
plants utilize three types of atom zers: atom zers using steam
or air, pressure atomzers, and rotary cup atom zers. The

pur pose of atom zation is to break fuel into fine particles that
readily mx with conbustion air. Fuel then burns with a clean
hot fl ane, being vaporized and oxidized by the resulting
conbustion before cracking takes place. In pressure atom zing
burners, the fineness of spray increases as pressure increases
and as viscosity is lowered. Wen No. 6 oil is burned, a

pul sating flanme may result if viscosity is reduced to a point
where the preheat tenperature tends to vaporize fuel. The burner
manuf act urer should recommend a proper viscosity operating range.
Proper preheating of oil will be discussed in par. 4.3.6.

a) Fluid Atom zers. Fluid atom zers use either steam
or air to break fuel oil into a fine mst. Steamatom zers
operate by mxing oil and steaminside the atom zer tip under
pressure. As the steamand oil mxture | eaves the tip, steam
rapi dly expands, breaking oil into small droplets to begin the
conbustion process. Figure 46 illustrates a steam at om zer.
Steamis supplied to the atom zer at a pressure of between 10 and
20 psi above oil pressure. Under nornmal conditions, a steam
at om zer uses approximately 1/10 pound of steamto atom ze 1
pound of oil. This amounts to about 2/3 of 1 percent of the
boil er steam output. Sonme nodern atom zers use as little as 0.03
pounds of steam whil e ol der designs nay use nore steam
Conpressed air may al so be used in place of steamto atom ze oil
An air atom zer uses energy devel oped by the air conpressor to
replace energy in steamgenerated in the boiler. Ar atom zers
are commonly used when steamis not available, on smaller boilers
generating |l ess than 20,000 pounds of steam per hour, and for
firing nore easily atom zed oils, such as No. 2 and No. 4 grades.
Air atom zers are often used for cold start-up of a boiler, then
replaced by steamunits as the plant pressure builds up. Both
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steam and air atom zers are effective when used with a good
burner to control conbustion air m xing. Automatic control of
the firing rate is possible over a range of 15 to 100 percent of
capacity.

b) Pressure Atom zers. Pressure aton zers use
pressures of 600 psig or nore to accelerate oil into the furnace
through the atomzer tip. QI is spun inside the tip and | eaves
as a cone of oil that thins out and breaks apart into fine
droplets for conbustion. The advantage of pressure atom zers is
the sinplicity of the system The di sadvantages are high
pressure required and the fact that the turn down range is
limted to 75 to 100 percent of capacity if effective atom zation
is to be maintained. This type of atom zer is also sensitive to
oil viscosity, and small passages in the atomzer tips tend to
clog and wear. Pressure atom zers are not frequently used on
nodern central heating plants.

Steam or Air Tube

Regulating Rod
Fuel Barrel /
IT
N :
S
2V

Sprayer Plate

Qil iniet

Steam or Air inlet

Figure 46
St eam At omi zer

c) Rotary Atom zer. The rotary atom zer uses energy
froma spinning cup and primary air froma small fan. A thin
cone of oil is spun off the end of the cup and, aided by the
primary air, thins out, and breaks apart into fine droplets.
Rotary atom zers can be fairly effective when conbined with
burners using forced draft fans. Natural draft rotary atom zer
burners, as developed in the 1930's, do not conpare favorably
wi th nodern forced draft burners and, in general, rotary
atom zers do not have any significant advantages over fluid and
pressure types. They have di sadvantages of limted capacity and
el ectric horsepower requirenents for driving the rotary cup and
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the primary air fan. They generally becone uneconom cal for
boi |l er capacities above 20,000 pounds of steam per hour, and are
sel dom used in nodern burners.

3.3.4.2 Types of Burners. Once oil is effectively atom zed,
the next step is to effectively mx it with conbustion air.
Three general types of burners are avail able: register, |ow
excess air, and package burners. These burners incorporate an
igniter for automatic light-off and a provision to nount flane
scanners to prove igniter and/or main flame. Effectiveness of a
burner is neasured by its ability to conpl ete conmbustion of fuel
with a mnimum of excess air throughout the firing range. Excess
air levels at 100, 75, 50, and 25 percent | oad should be

determ ned when eval uating burner effectiveness. Refer to par.
4.4.1 and Table 19 for nore information.

a) Register Burners. Register burners are
characterized by one or nore circular registers that admt
conbustion air into the burner throat as shown in Figure 47. An
inpeller is provided to protect the atom zer fromthe direct
bl ast of conmbustion air and to provide a zone to stabilize
ignition. The refractory throat helps to control airflow and
velocity, and the hot refractory helps to stabilize ignition by
radi ati ng heat back into the base of the flanme. Adjustnent of
air registers, either initially or continually with | oad sw ngs,
hel ps to ensure that optinumair velocities are available for the
conbustion process. Register burners may be used with anbient or
preheated air, oil atom zers, and/or gas burning equi pnent.
Capacities from10 to 200 mllion Btu/hr are comon.

b) Low Excess Air (LEA) Burners. LEA burners were
devel oped to achieve | ower excess air |evels, throughout the
burner | oad range, than are possible with register burners. A
venturi section ensures uniformairflow at the burner outlet.

An inpeller is used to swirl a portion of air into atom zed oil .
The remai nder of air noves axially through the burner at a
velocity designed to cause it to mx later with fuel and inpeller
swirled air. The advantage of the LEA burner is its ability to
operate at LEA levels, with subsequent inprovenents in
efficiency. The main disadvantage is a long, narrow flanme which
is not well suited for many furnace configurations. Very
accurate conbustion controls are needed to take advantage of this
burner's LEA capability.
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Fi gure 47
Regi st er Bur ner

c) Low NGO Burners. To neet environnental
regul ati ons, manufacturers have devel oped burners that are
capabl e of reducing NO, em ssions w thout adversely affecting
efficiency or performance. These | ow NQ, burners control m xing
of fuel and air in a pattern that keeps the flanme tenperature
down and di ssi pates heat quickly. Wereas conventional burners
m x secondary air with the primary fuel air stream as soon as
they are injected into the furnace, creating a high intensity
conbustion process, |ow NQ, burners establish distinctly separate
pri mary and secondary conbustion zones, thereby staging the flane
at the burner.

Basically, the same techniques for NOQ; reduction apply
to the burner as were used in the furnace. Thus, alnost al
burner nodifications rely on sone formof LEA staged conbustion
and/or internal flue gas recirculation to reduce NO, em ssions.
Overfire air in conbination with | ow NQ, burners offers even
further reduction.

d) Package Burners. Package burners include the
forced draft fan and its air control danper, oil and/or gas
control valves, actuators, igniters, flanme safety system and
conbustion controls as a shop assenbled unit. Cost and
performance capability of package burners vary wi dely. Not al
packages are suitable for every application. Every burner
application requires careful consideration to ensure that the
proper burner, controls, and accessories are applied. Package
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burners shoul d be capable of automatic start-up, shutdown, and
nodul ating firing rate. Package burners are available for firing
rates of several gallons to several hundred gallons per hour.
Either register or LEA burners may be supplied as packages; and
rotary, pressure, or fluid atom zers may be used.

3.3.5 Ol Storage and Handling. Aboveground and underground
fuel storage tanks are available as illustrated in Figures 48 and
49. These tanks are provided with sonme or all of the follow ng

auxiliary equi pnment and connections: fill, vent, return, sludge

punp-out, |ow suction, high suction, steam snothering,
firefighting connections, gage connection, suction box, suction
or tank heater, steam connection, |evel indicator, tenperature

i ndi cat or, access manhol es, | adders, piping, valves, and doubl e
wal | contai nment for underground fuel storage tanks not shown in
Figure 49. The anmount of storage capacity installed depends on
the m ssion of the base, availability of dependable supply, and
frequency of delivery. Storage tanks and oil -burning equi pnent
must be installed in accordance with the National Fire Protection
Associ ati on (NFPA) 30, Flammabl e and Conbusti bl e Liquids Code,
and NFPA 31, Standard for the Installation of O l-Burning

Equi prent .

| Drainage Ditch 3' Wide,

Gravel Lined -

— Reservoir
»

Paved Berm Drain Pipe -1
| oo 4| T
rain ail Pipe
Fuel Storage Sump 4

Tank Steps )
== Dike u 4’ Wide 4 Dike

Cubic Capacity Of Reservoir To
Maximum Level To 8e 14 Times
The Capacity Of The Tank

Plan View Of Tank Enclosure

Ressrvoir Drainage Ditch

Ring Waill!  Fyst Storage
Dike \ 1-."‘:.' Paved Berm _/Dike

% - LTI I T L T
v Al .y 4?'4

Sand Pad Grade 1" In &'

Section Through Tank Enclosure

Figure 48
Arrangenent of Aboveground
Fuel G| Tank
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Under ground Fuel Q| Storage Tank

3.3.5.1 Fuel G| Preparation. No. 2 and No. 4 oil normally
only require a punp set to transfer oil fromstorage to the
burner. Paraffin base No. 4 oil may also require a small anount
of heating. Use of day tanks and transfer punps nmay be necessary
if main storage tanks are located renotely fromthe plant. No. 5
and No. 6 oil require punping and heating equi pnent to prepare
and nove oil to the conbustion equipnment. Figure 50 illustrates
a dupl ex punping and heating set. A pressure regulatory valve is
provided to return unneeded oil to the storage or day tank before
it is heated. This avoids overheating of storage tanks in
addition to maintaining the desired oil pressure. Insulation of
oil, steam and condensate lines is required, and electric or
steam heat tracing of lines may be required in some applications.

3.3.5.2 Saf ety Equi pnent. The NFPA establishes requirenents
for safe boiler operation for boilers with 10,000 pounds of steam
per hour and |l arger. These requirenents are contained in NFPA
8501, Standard for Single Burner Boiler Operation. Figures 51
and 52 show schematic arrangenments of safety equi pnent for oil-
fired water tube and fire tube boilers, respectively. Standards
for oil-fired multiple burner boilers are found in NFPA 8502,
Standard for the Prevention of Furnace Expl osions/|nplosions in
Mul ti pl e Burner Boil er-Furnaces. For boilers rated | ess than
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10, 000 pounds of steam per hour, Underwiters Laboratories Inc.,
Underwiters Laboratories of Canada, or other nationally

recogni zed organi zati ons establish safety requirenents and tests,
and approve safety equi pnent.
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PILOT GAS p-¢ P-5 TO OIL
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CONN.

PILOT OIL SUPPLY
SERVICE CONN.
os-7 OIL RECIRCULATING LINE-CONNECT
sc-is 70 TANK OR PUMP INLET = =
" sc-1 Zio- ]
08-8 E op-sg sc-lla a §C-10-)
ot et
Seavice 0 oa-e s [recr STEAM ATOMIZING
CONN. TYPE OIL BURNER
oc-6

CONNECT TO BOILER DRUM

OR STEAM MAIN AS SOURCE
OF DRY ATOMIZING STEAM AT
SUITABLE PRESSURE AND
JTEMPERATURE - \\

N\

ATS-8

CONTROL IMPULSE
CONNECTION

Lsc-10-2 oR sc-10-2A

BOILER QUTLET
FLUE CONNECTION
TO STACK

ATOMIZING AIR SUPPLY
WHEN USED FOR ATOMI~
ZING MEDIUM FOR
COLD START

[s— ORAIN TO WASTE

Typical Schematic Arrangement of Safety Equipment, Fuel Oil-Fired Watertube Boiler with One (1) Burner, Supervised Manual

Atemizing Steem System:

ATS-1 Burner atomizing steam pres-
sure gage

ATS-2 Burner atomizing steam pres-
sure gage cock

ATS-3 Atomizing steam shutoff vaive
manval

ATS-4 Atomizing steam differentiol
pressure control valve

ATS-5 Atomizing steom supply strainer

ATS-6 Atomizing steam supply trop

ATS-7 Atomizing steam supply check
vaive

ATS-7A  Atomizing air supply check
valve

ATS-8 Atomizing steam supply shutoff
valve

( ATS-8A  Atomizing air supply shutoff

valve

Air Systom:

AS-1 Forced droft fon
AS-2 Forced draft fan motor
AS-3 Forced draft fan control damper

at inlet or outlet

Igniter (Pilet) System — Gas or Oll:

P-2 Safety shutoff valves, auto.
opening, spring closing (NC)

Controls.
LEGEND

P-3 Vent valve auto. closing, spring
opening (NO)

P-4 Pressure regulating vaive, op-
tional depending on igniter
pressure requirements

P-5 Strainer

P-6 Manval plug cock

Oil Burner System:

OB-1 Manual ol shutoff cock

08-2 Oil burner pressure gage

OB-3 Qil burner pressure gage cock

OB-4 Safety shutoff and recircvlating
valve

OB-5 Oil temperature thermometer
or gage (Note 3)

OB-6 Qit control vaive

o8-7 Oil supply pressure gage

OB-8 Oil supply pressure gage cock

08.9 Oil strainer

Safety C is and Al 2 (Al switch

in “hot” ungrounded lines. See 4-6.6)

SC-1 Low water cut out integral with
column or separate from
water column,

SC.3 Flame scanner

SC-7-1 Windbox pressure switch (Note

1)

§C-7-2

SC.7A
S$C-8

SC-9
§C-10-1

§C-10-2
SC-10-2A
§$C-10-3
SC-11
SC-12

SC-13
SC-14

Fan damper switch
(Note 1)

Purge airflow switch (Note 1)

Closed position interlock on
08-1

Light-off position interlock

Atomizing steam flow inferlock
orifice

Atomizing steam flow interlock
differential pressure switch

Atomizing steam pressure inter-
lock switch

Atomizing steam supply pres-
sure interlock switch

High oil temperature alarm
(Note 3)

Low oil temperature alarm
(Note 3)

Low oil supply pressure interlock

Excessive steam pressure in-
terlock

position

Operating Controls & Instruments

0C-2
0cC-3

OC-4
OC-5
0C-6
oc-7

Steam drum pressure gage

Water column with high and
low level alarms

Water gage and valves

Steam pressure controller

M 1 auto. select

Combustion control drive unit or
units

NOTES:
in serles) or SC-7A.

4. Arrangement shown
ing steam system.

1. Purge airflow may be proved by providing either SC-7-1 and SC-7-2 (and similar devices for other dampers which are

2. Atomizing steam interlock may be accomplished by providing either SC-10-1 and SC-10-2 or SC-10-2A and $SC-10-3,
3. Temperature alarm and thermometer omitted for light oils which do not require heating.
is applicable to straight mechanical pressure atomizing oil

burners by omitting atomiz-

Fi gure 51

Saf ety Equi pnent, Fuel

95

Ol-Fired Water Tube Boil er
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stavice G8-9\ ca-e 1 sc- Iy Feio-d) COLD START
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Automatic (recycling) or Automatic (non-recycling) Controls.

of Safety Equipment, Gas- and Oil-Fired (alternately) Watertube Boiler With One (1) Burner,

LESEND
Atomizing Steam Systoms Alr System aN8-2 1 L'-'y 0!:3 m:.' d $C.7-2 Fc:u:'--zp)u position  switch
ATS-1  Burner atomizing weam pres- | AS-1  Forced dref fan o - valva .
we goge GB-9 Manval pleg cock for venting | SC-7A Purge AF. switch (Note 2}
o9 AS-2 Forced draft fan metor Y trom | scs Closed iMon Interiock em
ATS-2 Sumer otomizing steem pres- | AS3 Forced dreft fan control damper 3:.- nqulu: o4 :.‘ Gh-4
sure gage ceck at Inlat or outlet $C-9 Light-off position interfock
ATS-3  Atomliing stesm shutofl valve SC10-1  Abomicing seam fow bteriock
ATS-4 Atomizi stoom  diff el Toniter (Pllet) Systom Ol Buraer Systoms orifice
pressure control valve p2 Sofety shutoff vaives, avio, o8-t Manval oil shutoff vaive $SC.10-2  Atomizing steam flow interieck
ATS.S Alomizing steam swpply sirainer opening, spring dodn'u (NC) o»-2 OMN burner pressure gage differentiol pressusre switch
ATS-8 Atomizing steam supply trap .3 YVant vaive, avto. closing spring | O8-3 Oil burner pressure gage cock | SC-10-2A Atomizing steam pressure inter
ATS7  Alomizing steam swpply check opening (NO) os-4 Safely shutoff and redreviating Jock switch
vaive P4 Gas pressure reguiating veive valve(s) sc103 .:.:;-, sepply
ATS-7A  Atomizing olr supply chock optional depending onigniter | OB-5 ORf temperature thermometer | o0\ L:v. oil temperature in-
volve pressure requirements or gage (see Note 4). terlock (Nolepﬂ
ATS-8 Mm:ho steam supply shutoff | p.4 Manval plug cock os6 Oil contrel valve SC13  Low oil supply pressure in-
ATSBA  Aromising i supply shutol o7 OFpply pressire 9ade terlock
2 W
rolve 9 o pply Ges Burner System: (o] & ] Oll supply pressure gage cock | gC 14 Excessive steam pressure
P M | pivg cock [~ 2 4 Oll stirainer interiock
cs2 G.w: Plvo Operating Controls & Instruments:
Gas & Syst as burner pressure gage . h sk ressure  switch
GS-1 .”‘;d::::" [] K] Gas burner pressure gage cock | Safety C Is and Al (Al oc1 m'(Nolo.l.)- 4
Gs-2 Manvel plug cock G4 Safety shutoff vaives, auvte. in “hot” ungrounded lines. See 4-6.6) oc2 Stoam drum pressure gage
653 0 opening, spring closing (NC) | SC-1  Lew water cvt ot Integral with | OC.3  Water columa with Ngh & low
Gas ‘W”IY presure redudng | o4 ¢ Yent valve, auto, closing spring column or ieparote from fovel alarms
GS4 » v "' . opening (NO) water column 0c4 Water gage and vaives
::;:. a3 supply shuto G4 Gas fuel control vaive $C-3 Flame scanner 0C.s Steam pressure controlier
b7 Vent line manucl plug cock $C-SH Gas supply high pressure | OC-6 Manval avta, selecior stafion
655 Gas supply pressure gage (locked or secied in open switeh oc7 Combustion contro! drive wnit
GS-6 Gas supply pressvre gage cock position) $C.5L Gas supply low prassure switch or vnils
Gs7 Gas cleaner GB8-8-1 leakoge lest conn. upstream | SC-7-1 Windbox prassure switch {Note | OC-10 Modulating control low fire
Gs-0 Relief vaive safety 5.0. valve 2) siart positioner
NOTES:

1. With automatic non-recycling control, on overpressure shuldown requires a manval restart,

. Purge cirflow may be proved by providing either $C-7-1 and $C-7-2 (and similar devices for other dampers which are in serles) or SC-7A

¢ steam §

oy be

plished by providing either $C-10-1 and $C-10-2 or $C-10-2A and SC-10-3.

2
3.
4. Temperature interioch and thermometer omitted for light oils which do not require heoting.
s

. A 9: shown is

licabl chanieal

to stralght

[

izing ol burners by omitting alomlzing steam system.

Saf ety Equi pnent,

Fi gure 52

Gas-
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3.3.6 Gas-Firing Equi pnent. Natural gas is an easy and cl ean
fuel to burn and requires | ess equi pment and mai nt enance t han
coal or oil systens. |Its disadvantages include higher cost than

coal, uncertain and limted availability, and a greater danger of
explosion. Pars. 2.4.1.3, 2.4.6, and 2.4.6.1 describe the
potential for explosions and sone of the necessary precautions.
Early gas-firing equi pnent used gas velocity to aspirate air into
the burner throat, where it was prem xed with the gas before
burning. Prem x burners are now used for igniter service. The
advent of forced draft fans and the need for increased burner
capacity brought about the devel opnent of nozzle m x gas burners.
Nozzl e m x burners are capable of handling gas over a w de range
of pressures depending on the design. Types of nozzle m X
burners include ring, gun, and nmultiple spud. NFPA 8501
establishes requirenents for safe operation of gas-fired boilers.
Fi gures 52 and 53 show schenati c arrangenents of safety equi pment
for gas-fired fire tube and water tube boilers. Standards for
natural gas-fired multiple burner boilers are found in NFPA 8502.
For boilers rated | ess than 10,000 pounds of steam per hour,
standards are set by Underwiters Laboratories Inc., Underwiters
Laboratories of Canada, ASME CSD-1, Controls and Safety Devices
for Automatically Fired Boilers, and other nationally recogni zed
or gani zati ons.

3.3.7 Li quefied Petroleum Gas (LPG. LPGis used for igniter
service and occasionally as a standby fuel for natural gas or
oil-fired installations. LPGis also used on snmaller renotely

| ocated boilers where natural gas service is not available. LPG
is a conbination of propane and butane maintained in a liquid
state through storage under pressure. NFPA 58, Standard for the
St orage and Handling of Liquefied Petroleum Gases and NFPA 54,
Nati onal Fuel Gas Code, Part 2 establish requirements for

storage and handling of LPG

3.4 Controls and Instrunentation. Controls and
instrunmentation are an integral and essential part of central

boil er plants. They serve to ensure safe, economc, and reliable
operation of equipnent. They range fromthe sinplest of manual
devices to conpl etely automated, m croprocessor-based systens for
control of boilers, turbines, and even end users of energy. The
subj ects of controls and instrunentation are so intimately
related that they are difficult to separate, and are discussed in
parallel in the follow ng section. Only those systens and itens
whi ch are commonly used in central boiler plants are di scussed.
Many of the controls existing in Navy power plants are pneunmatic;
however, nearly all new controls are electronic based with

n cr oprocessors.
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STEAM OQUTLET

oc-4.

ac-2 (?

BOILER QUTLET
FLUE CONNECTION
TO STACK OR 1.D. FAN

VENT TO ATMOSPHERE ——— 1 p-3
AT SAFE LOCATION

%\ ; p-2 P-2
cs-\: ,_.x} %—- GB-3

N u-’cs\; \\ijjsc—“ s
Gs-2 Lﬂ * f > > el

I Fa

mQC-I3

GAS
SERVICE

CONN.
. -
DRiP LEG G3-1 GB-4 l—-‘OC'T
GAS SuPPLY sC-8 OBSERVATION
TO OTHER POAT
BOILERS oC-8

Typical Schematic Arrangement of Safety Equipment, Natural Gas-Fired Watertube Boiler with One (1) Burner, Manual Controls.

- LEGEND
Gas Supply System: Gas Burner System: Operating Contrals & Instruments:
GS-1  Drip leg GB-1  Manval plug cock 0OC-2 Steam drum pressure gage
GS$-2  Manual plug cock GB-2  Gas burner pressure gage OC-3 Water column with high & low
GS-3 Gos supply pressure reducing GB-3  Gos burner pressure gage cock level alarms
valve GB-4 Safety shut-off valves, spring OC- 4 Water gage and valves
GS-4  Manval gas supply shut-off vaive cosing (NC) OC-5 Steam pressure controller (op-
GS§5  Gaos supply pressure goge GB-5 Vent valve, auto. closing, spring tional)
GS$-&  Gaos supply pressure gage cock opening (NO) OC-6 Moanval auto. selector station (in-
GS-7 Gos cleaner GB8-6 Gas fuel control valve cluded if OC-5 furnished)
GS-8  Relief valve GB-7 Vent line manval plug cock OC-7 Combustion control drive unit or
(locked or sealed in open units
Al S position) OC-13 Pilot manvatl control station
e System: GB-3-1 Leakage test conn. vupsiream
AS-1 Forced draft fan safety 5.0, valve
AS-2 Forced draft fan motor GB.8-2 Leokage fest conn. downstream
AS-3 Forced draft fan control damper safety S.0. valve
at inlet or outlet GB8-9  Manual plug cock for venting high
pressure from supply when re-
quired
igniter (Pllat) System:
p-2 Safety shut-off vaives, auto. open-
ing, spring dosing (NC) Safsty Controls and Alamms: (All switches
P-3  Vent ":"--(;uow)- closing, spring in “hot” ungrounded lines. See 4-6.8)
opening
P-d Gos pressure regulating valve SC-5H Gas supply high pressure switch
optional depending on igniter SC-5L  Gas supply low pressure switch
pressure rsquirements. sC.8 Closed position interlock on GB-1
P-6 Manual plug cock SC-10 Open position interlock on G8-4

Fi gure 53
Saf ety Equi pnment, Natural Gas-Fired Water Tube Boil er
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3.4.1 Feedwat er - Drum Level Controls. The inportance of an
adequate, properly controlled supply of feedwater to a boiler
cannot be overenphasi zed. Boiler feedwater punps and injectors
(par. 3.6.3), low water fuel cutoffs (par. 3.4.3), and feedwater
heaters (par. 3.6.2) are part of an effective feedwater system
Steam boilers also require drumlevel controls to maintain the
water level within limts established by the manufacturer.
Qperating with water levels that are too high nmay cause carryover
of water fromthe drum while operating with |evels that are too
low can result in boiler tube failures due to insufficient
cooling. Feedwater regulators are used to adjust the feedwater
flowrate and maintain proper |levels. Five types of feedwater
regul ators are comonly used: positive displacenent,

t her nohydraulic, thernostatic, pneumatic |evel transmtter/
controller, and electronic level transmtter/controller. Each is
descri bed bel ow.

3.4.1.1 Positive Displacenent. The positive displacenent
feedwater regulator (Figure 54) is connected to the boiler drum
or water columm so that the average water level in the chanber is
inline with that of the drum The rise and fall of the fl oat
with the water | evel actuates a bal anced feed val ve through a

sui tabl e system of |evers, and reduces or increases flow of water
to the boiler. The entire mechanismis in the pressure space and
there are no stuffing boxes to leak or bind. The float is
initially charged with a snmall anmount of al cohol, which vaporizes
and pressurizes in the float to counteract boiler pressure
exerted on the outside of the float. The valve and |inkage are
designed to give a gradual and continuous change in water flow
between high and low limts. This type of control will maintain
a different water |level for each steam fl ow produced by the
boi |l er.

3.4.1.2 Ther nohydraulic. Operation of the thernohydraulic or
vapor generator type of feedwater regulator (Figure 55) depends
upon the principle that steam occupies a greater volune than the
water fromwhich it was forned. The equi pnent consists of a
generator, a diaphragm operated val ve, and the necessary
connecting pipe and tubing. The central tube of the generator is
connected to the boiler drumor water colum, wth the tube
inclined so that normal drumwater level is slightly above the
center of the generator. The generator, tubing and di aphragm
chanber are filled with hot water. |In operation, heat from steam
in the upper portion of the inner tube raises the tenperature of
wat er surroundi ng that portion of the tube and converts part of
it to steam This increases pressure in the generator, forcing
part of the water out of the generator until the water level is
the sane in both the inner and outer tubes. Water that is forced
out of the generator noves the di aphragm and opens the val ve.
When water level in the boiler rises, some of the steamin the
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generator condenses and | owers the pressure. The spring on the
val ve forces water into the generator, closing the valve in the
process. Fins are installed on the generator to radi ate away
sone of the heat absorbed, thus preventing excessive pressures in
the generator circuit and increasing the speed of response of the
regulator. This type of regulator establishes a relationship

bet ween water |level in the drumand the val ve openi ng.

Therefore, for each streamflowrate, a slightly different water
|l evel will be maintained.

3.4.1. 3 Thernostatic. Operation of the netal thernostat or
expansi on type of regulator (Figure 56) depends upon expansion
and contraction of an inclined netal tube. The expansion tube is
nmounted on a steel frame in such a way that it is under constant
tension. It is connected to steam and water spaces of the boiler
so that it contains only steamwhen water is at its | owest |evel
The tube is then expanded to its maximum|length. As water |evel
in the boiler rises, water also rises in the tube, causing it to
cool and contract. The tube is connected to a bal anced valve in
the feedwater Iine by a systemof |evers that nove the val ve as
the tube |l ength changes. The feedwater valve is at its maxi num
openi ng when water level is low and the tube is filled with
steam and closes as water |level rises and the tube shortens.
Note that all of the above regulators increase the flow of water
as the level drops.

Figure 54
Positive D spl acenent
Feedwat er Regul at or
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Gate Valve

Boiler Drum

Gate Valve
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—! Omg Boiler Water E
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LRI g e———
B e e e e . L ..
FE
Fi gure 56

Thernostati c/ Metal Expansi on Feedwater Regul at or

3.4.1.4 Drum Level Transmtter. A typical arrangenent of a
drum | evel neasuring transmtter is shown in Figure 57. The
transmtter is a differential pressure device in which the output
signal increases as differential pressure decreases. Typically,
the differential pressure range is approximtely 30 inches with a
zero suppression of several inches. To determ ne the neasuring
instrunment calibration, necessary design data are the | ocation of
upper and | ower pressure taps into the boiler drumw th respect
to normal water |evel, operating pressure of the boiler drum and
anbi ent tenperature around external piping. Wth these data and
the desired range span of the transmtter, exact calibration can
be cal cul ated by using the standard thernodynam c properties of
steam and wat er.

On the high pressure side of the neasuring device,
effective pressure equals boiler drum pressure plus the weight of
a water columm at anbient tenperature, and having a | ength equal
to di stance between two drum pressure connections. On the | ow
pressure side, effective pressure equals boiler drum pressure,
pl us the weight of a colum of saturated steam having a |length
fromthe upper drum pressure connection to the water |evel.
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Condensate reservoir

Steam h( 1)_f h-T(_;
1

Water h (2_)1_

-~

h(1), h(2), h(3) —
70° water column equivaient

Net transmitter pressure differential |L H
=h(3) - [h(1) + h(2)]

Transmitter

Fi gure 57
Drum Level Transmitter -
Connection and Cali bration

a) Pneumatic Transmtter/Controller. As boiler firing
rates increased with the devel opnment of the nodern water cool ed
furnaces, water storage capacity decreased and feedwater control
becanme nore difficult. A steamdrumin a nodern boiler can be
enptied of water in mnutes if the supply is shut off. Changes
in steam pressure result in expansion or swelling of the
steamwater m xture and fal se water |evel indications.

Mechani cal controls discussed previously have |imted
capabilities and sl ow response tinmes, and pneunatic controls were
devel oped to provide nore accurate drumlevel control. Basic to
pneumatic systens are a drumlevel transmtter to sense level, a
manual / aut omatic station to allow manual control during start-up,
and a controller to determ ne the adjustnent required to the
feedwater valve. Single-, tw-, and three-el enent feedwater
controls are avail abl e.

b) Electronic Transmtter/Controller. One-, two-, and
three-el ement feedwater control systens are al so avail abl e
utilizing electronic transmtters, manual /automatic stations, and
controllers (Table 10). Electric or pneumatic actuators can be
used as final control drives for the feedwater control valve. An
el ectro-pneumatic (1/P) transducer is required to convert the
el ectric signal into a pneumatic signal when pneumatic actuators
are used.
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Tabl e 10
Feedwat er Control Synbols

Table 10
Feedwater Control Symbols

1T, Flow indicating tronsmitting

»/\ R
LT Level indicating transmitter

<A> Manual signal generator
{ f(X)B Final controling function

Hand /automatic control station
E Subtracting unit

Proportinal controller
Proportional—plus—integral controlier

Summer
Signal tag unit

(1) Single Element. Single-elenment controls use a drum | evel
transmtter with a manual /automatic station and controller to
send a signal to position the feedwater control valve. The
controller can be adjusted to provide responsive and accurate
control. Single-elenent control is adequate for systens with
gradual | oad changes.

(2) Two Elenent. In two-elenent controls, both
drum |l evel and steamflow | evels are neasured and used to contro
the feedwater (Figure 58). Because steamflow is neasured, this
control system can sense and respond to | oad changes before they
result in drumlevel changes. The system can thus conpensate for
swel ling and shrinking in the boiler and drum which occur as the
pressure changes during | oad swings. Two-elenent control is
recomended for systens with frequent and | arge | oad changes.
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Fi gure 58
Two- El ement Feedwater Control s

(reprinted with perm ssion of Babcock & Wl cox, from Steam
Its Generation & Use, 39th Ed.)

(3) Three Elenent. Three-elenent controls sense
feedwater flow in addition to drum|evel and steamflow  Three-
el emrent systens can conpensate for changes in feedwater flow that
may occur due to feedwater pressure, tenperature change, or
feedwat er val ve inaccuracies. This level of control is not
normal | y necessary except for very large boilers used in systens
with | arge | oad changes, or in boilers producing superheated
steam for use in a turbine.

3.4.2 Conmbustion Controls. Conbustion controls adjust fue
and airflows to satisfy boiler demand. Steam pressure, which
changes with changes in demand, serves as the input signal by

which the boiler firing rate is controlled. In hot water
boilers, water tenperature |eaving the boiler is used as the
i nput signal. A conbustion control system nust nmaintain an

efficient fuel/air ratio. For boilers equipped with induced
draft fans or tall stacks, conbustion controls nust al so adjust
fan inl et danpers or boiler outlet danpers to control furnace
draft. Conbustion controls systens are conprised of the
foll ow ng general types of conponents: sensing elenents,
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actuators, transmtters, control drives, controllers, contro

val ves, indicators, danpers, and recorders. These conponents may
be conbined in an endl ess variety of arrangenments to provide

al nost any degree of sophistication required.

3.4.2.1 Control Concepts. Open-loop and cl osed-|oop control
are both used in the boiler plant. Open-loop control (also

call ed feed-forward) takes an input demand signal and generates a
single output in response to the demand. The result of the
control action is not considered. C osed-loop (or "feedback")
control nonitors a systemvariable and automatically generates an
output to adjust the system |If the systemrenains out of

bal ance, the control will continue to change its output until the
desired result is obtained. A sinple pneumatic actuator on a

val ve is an exanple of open-loop control (Figure 59). The
actuator receives a signal and generates an output, the novenent
of its shaft. This same pneumatic actuator could be converted to
cl osed-1 oop control by equipping it with a positioner (Figure
60). The actuator receives a signal and generates an output to
nmove the shaft. The shaft position is neasured as feedback. |If
the shaft is not in the desired position, the output fromthe
positioner is automatically readjusted, and the shaft is noved
again until it is in the correct position. A basic advantage of
cl osed-l oop control is that it provides nore accuracy of

adj ustnent due to its ability to overcone hysteresis | osses.
Hysteresis | osses are caused by friction in |inkages, valves,
actuators, and other nechanical itens. The effect of hysteresis
is to cause a valve or nechanismto stop at a slightly different
adj ustnment each time. A typical open-loop control may be able to
control position within +5 percent of a desired setting, whereas
a cl osed-loop control can typically control to approximtely +1
percent. C osed-loop control is avail able as one-, two-, or

t hree-node control using proportional, integral, or derivative
responses. These different responses are di scussed bel ow.

a) Proportional. Proportional control (also called
gain control) is the sinplest formof closed-loop control. In
proportional control, the difference between a setpoint and a
system variable is neasured, and corrective action is taken by
adjusting the control output. A proportional steam pressure

control systemis illustrated in Figure 61. Steam pressure

setpoint and actual steam pressure are conpared, and an output is
generated in proportion to the difference. Figure 62 illustrates
proportional control. For a proportional gain setting of 5, the

fuel valve is opened 5 percent for each 1 percent drop in steam
pressure. Proportional gain, or sinply gain, is defined as "the
control output change, in percent, divided by the systemvariable
change, in percent."
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Gain = (percent change in control output)/(percent
change in systemvari abl e)

Proportional band is the inverse of gain, expressed in
percent.

Proportional = (1/gain) X 100 = (percent change in
system vari abl e)/ (percent change in control output)
X 100

Fi gure 59
Control Valve Wth
Pneumati ¢ Act uat or
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Fi gure 60
Control Valve Wth
Pneunmati ¢ Act uat or

and Positioner

108




M L- HDBK- 1125/ 1

A = Deviation of controlled |
variable from set point |
K = Proportional action : Boiler
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" Pressure
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Set Point | t !
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Figure 61

St eam Pressure Control System
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Fi gure 62
Proportional Control

Thus, a gain of 5 is equivalent to a proportional band of 20.
Figure 63 illustrates the response of a steam pressure control
systemto a change in steamflow. Note that offset or deadband
is the difference between setpoint and steam pressure. The
foll ow ng observations should be noted about proportional
control

(1) Proportional control operates and establishes
st eady-state positions because a difference exists between the
setpoint and systemvariable. 1In the exanple shown in Figure 62,
only at the 50 percent fuel valve position would steam pressure
exactly match the setpoint. At other fuel valve positions, a
difference of up to 10 psi fromsetpoint would be required to
mai ntain the fuel valve position that would satisfy a steamfl ow
demand.

(2) The larger the gain (or the smaller the
proportional band) of a control, the greater the response of the
control to changes in the systemvariable, and the snaller the
deadband.
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Load (Steam Flow) Proportional Gain =1 -
Set Point Offset
| R e ————d
Pressure t
Fuel-Valve Position
Time
Load (Steam Flow) Proportional Gain = 2
Set Point Offset
e e KR
W Pressure *
—M Fuel-Valve Position
Time

Figure 63
Proportional Response

(3) The smaller the gain (or the larger the proportional band),
the smaller the response to changes in the systemvari able, and
the |l arger the deadband.

(4) A large gain may not be stable. A fuel valve
cycling between full open and full closed is an exanpl e of
unst abl e operati on.

b) Integral. Integral (also called reset) control was
devel oped to i nprove the accuracy of proportional control.
I ntegral action works to elimnate the deadband which is inherent
in proportional control. Integral control adjusts the control
output in steps based upon the offset and the tinme the offset has
exi sted. Adjustnent continues until the setpoint and the system
vari able are the same or until maxi mum or m ni mum output is

reached. Figure 64 illustrates proportional plus integral
control response to a change in steamflow. Proportional plus
integral control is also called two-node control. Reducing the

integral time increases the integral control response, while
increasing the integral time reduces the control response.
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Load

Set Point

Pressure

Figure 64
Proportional Plus Integral Response

c) Derivative. Derivative is a mathematical termthat
considers the rate of change. |In sone systens, derivative (or
rate) response can inprove the speed and accuracy of the control
by anticipating a trend before an actual change occurs.
Proportional plus integral plus derivative control is called
three-node control; it is rarely used in a steam heati ng pl ant
but can be very effective in a hot water plant by recogni zing
change in direction of a systemvariable. For exanple, when the
rising boiler outlet water tenperature starts to fall, the fuel
val ve shoul d be opened to supply heat to satisfy the new demand
for hot water, even though the setpoint may not have been reached
yet. Reducing the derivative time increases the derivative
control response, while increasing the derivative tinme decreases
the response. Too nuch derivative control can danpen ot her
control responses.

3.4.2.2 Controls for Stoker-Fired Boilers. Conbustion controls
for stoker-fired boilers nust have the ability to adjust the
fuel/air ratio to conpensate for changes in coal heating val ues,
nmoi sture, bed thickness, forced draft fan performance, and

anbi ent air changes. Spreader stokers, which burn a portion of
coal in suspension, react differently than underfeed, traveling,
chain, and vibrating stokers. Spreader stokers respond best to a
change in fuel feed rate, while grate burning stokers respond
well to changes in airflowrates. Two types of control, parallel
positioning control and series/parallel control, are commonly
used with stokers.
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a) Parallel Positioning Control. Figure 65
illustrates a parallel positioning control system A deviation
of steam pressure fromsetpoint results in the master controller
signaling the fuel actuator and the conbustion and overfire air
actuators to reposition thenselves to a higher firing rate. Two
fuel/air ratio control stations are provided to allow the
operator to adjust and trimthe conbustion and overfire air
supply. A furnace pressure controller nonitors the furnace
pressure and adjusts the induced draft (ID) fan inlet danper to
mai ntain a slightly negative pressure in the furnace.
Manual / aut omati c stations are provided to all ow nanual control

STEAM HEADER
—
MASTER FURNACE PRESSURE
CONTROLLER FURNACE CONTRCLLER
CONNECTION
heR a——
OTH
BOILERS BOILER
SUB-MASTER I1.D. FAN INLET
M/A STATION DAMPER ACTUATOR
FUEL/AIR RATIO FUEL/AIR RATIO
W/A STATION M/A STATION M/A STATION
FUEL COMB. AIR OVERFIRE
ACTUATOR ACTUATOR AIR ACTUATOR
M/A = MANUAL/AUTOMATIC
Fi gure 65

Paral |l el Positioning Control System

b) Series/Parallel Control. Figure 66 illustrates the
series/parallel system |In this system steampressure is used
to control fuel feed rate and steamflow to control the airfl ow
rate. A conbination airflow and steamflow neter is discussed in
par. 3.4.4. (Qperators use this type of neter as a guide to
control the relationship between air required to burn fuel and
air actually supplied. The steamgeneration rate is used as a
measure of air required, while the flow of gases through the
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boiler setting is used as a neasure of air supplied. By
conparing the two, a check on the air-to-fuel ratio in the
furnace can be obtained. This type of nmeter has been in use for

many years and is commonly called a "boiler nmeter." The
series/parallel control conbines positioning control for fuel
with nmetering control for airflow Initial calibration and

repeatability of the airflow signal are very inportant. Overfire
air fans are also nodulated with boiler | oad to obtain best
conbustion results at the | owest possible excess air |evels.

Al though this feature has not been shown in Figure 66, it would
be provided for many applications.

3.4.2.3 Controls for OQl- and Gas-Fired Boilers. Parallel
positioning and parallel netering conmbustion controls are
available for oil- and gas-fired boilers. Either type nay be
equi pped with trimmng controls to adjust fuel/air ratio based
upon the oxygen level in flue gas. Pneumatic, electric,

el ectronic, and conputer operated controls are avail abl e.

a) Parallel Positioning Control. Wth the conpactness
of nodern oil- and gas-burner packages, it is possible to use a
single set of jackshaft and |evers to control both fuel and air.
Figure 67 illustrates a typical jackshaft system The nmaster

regul ator is a proportional control that senses steam pressure
and generates a rotary output, which noves the jackshaft.

Adj ust abl e val ves are used to control and characterize fuel and
gas flow. These valves, together with the nechani cal |inkage
that connects themto the forced draft (FD) danpers, establish
the fuel/air ratio. This systemis effective if fuel and air
conditions remain constant and the |linkage is tight and
accurately adjusted. Sonme parallel positioning control systens
replace the jackshaft by using a pneumatically or electronically
generated fuel/air ratio and individual actuators for each fuel
val ve and fan danper. This approach, which is illustrated in
Figure 65, can be nore accurate and nore easily adjusted or
trimred. Positioning control systens assunme that fuel and air
fl ows al ways change the sane anmount for each change in valve or
danper position. They are open-loop control systens.

b) Parallel Metering Controls. If fuel and air flow
to the burner are netered, a controller can be used that receives
feedback fromthe nmetering device and further adjusts the fuel or
air actuator. This ensures that when a specific fuel or air flow
is demanded, it is actually delivered to the fire. This becones
a closed-l1oop control systemand is known as parallel netering
control. A parallel netering systemis illustrated in Figure 68.
This type of systemis commonly used on | arger sizes of steam
boi l ers.
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Paral l el Metering Control

c) Oxygen TrimControl. On nost nodern oil- and gas-fired
boilers, as well as many coal -fired units, oxygen analyzers are
used as conbustion guides for the operators. Oxygen content in
flue gas verifies proper air/fuel ratio. Control systens have
been devel oped to allow automatic adjustnent of air/fuel ratio,
based upon the readi ng of the oxygen anal yzer. These systens are
cal l ed oxygen trimcontrol systens. Figure 69 illustrates a
typi cal oxygen trimcontrol, although many other arrangenents are
al so available. These controls are not applicable to all systens
because trim adjustnents are small. |f accuracy of an actuator
is +5 percent and the trimrequired is 2 percent, oxygen trim
wll not be effective. The follow ng conditions nmust exi st
before oxygen trimcan be effectively added to a boiler:

(1) Air infiltration into the boiler nust be
mnimal, since the trimcontroller cannot distinguish between air
that entered through the burner and infiltration air. The flane
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could be starved for air at the burner and produce snoke, while
still registering excess air at the analyzer. Trimcontrol can
al so beconme unstable if the | eakage rate changes.

(2) Conbustion equi pment nmust be capabl e of
operation at the new air/fuel ratio. This can be tested
manual ly. A burner cannot be expected to operate automatically
at a | ow oxygen level if it cannot do so nmanually.

(3) Existing conbustion control conponents nust be
able to operate accurately. Oxygen trim can be expected to
conpound any deficiency in an existing system

el
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Fi gure 69
Oxygen Trim Control System

3.4.3 Boiler Safety Control. Boilers are equipped with
safety devices to mnimze the risk of |ow water- and expl osi on-
rel ated damage. Figures 51 through 53 illustrate typical safety
systens. A typical oil- or gas-fired boiler safety control
systemincludes the foll ow ng conponents:

a) Low water fuel cutoff switch
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b) High steam pressure or high water tenperature

swi t ch.

c) Flanme scanner(s).

d) Gas supply high pressure swtch.

e) Gas supply low pressure switch

f) Conbustion airflow swtch.

g) Purge airflow swtches.

h) Fuel safety shutoff valves with closed position
Swi t ches.

i) Fuel control valves with low fire position switch
J) Manual valves, cocks, strainers, and traps.

k) Atom zing steamor air swtch(es).

) Atom zing steamor air shutoff and control val ves.
m Low oil pressure switch

n) H gh furnace pressure switch (for boilers with
i nduced draft fans).

o) Fan notor switch(es).
p) Control | ogic.

NFPA 8501 (for single burner systens), NFPA 8502 (for
mul tiple burner gas-fired systens and for multiple burner oil-
fired systens), and ASME CSD-1 establish rules for operation of
the equi pment |isted above. Notes on sone of the nore inportant
itens are given bel ow.

3.4.3.1 Control Logic. Control logic provides for the
foll ow ng acti ons:

a) Prepurging the boiler below |ight-off.
b) Proper operation of limts and interl ocks.
c) Lowfire start aid release to nodul ati on sequence.

d) Trial for igniter flane sequence. The igniter is
shut off at the end of the trial for main flane.
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e) Trial for main flame ignition sequence.
f) Miin flame or normal operation

g) Safe shutdown of the system

h) Boil er post purge.

El ectronic controls are available that receive flane
scanner signals and provide the control sequences |isted above
when connected to the proper switches, valves, and notor
starters. Electronic controls are equi pped with self-checking
circuits that prove the controls to be operational. Figure 70
shows an el ectronic programm ng control incorporated into a
sinple control cabinet typical of a fire tube boiler application.
Note that notor starters, draft control, and a draft indicator
are included. Relay |logic has been commonly used in the past on
mul ti pl e burner applications, but many new systens are operated
and nonitored by programmbl e controll ers.

3.4.3.2 Low Water Fuel Cutoff. Float/nmagnet and el ectrode | ow
wat er fuel cutoff devices are commonly used (Figures 71 and 72).
Their purpose is to elimnate the major cause of boiler failure,
i.e., firing a boiler with a low water level. |If such a
condition exists, the [imt circuit is opened and fuel to the
boiler is shut off. Because of its inportance, the | ow water

fuel cutoff is a device that requires nanual reset. The

el ectrode type |l ow water fuel cutoff uses probes or electrodes to

sense the water level. Wen the water |level is above the | ow
water el ectrode, electricity is conducted to ground and a sensing
relay coil is energized. Another relay is used to provide the

manual reset feature required. Monentary electric circuitry can
be provided to bypass the |low water fuel cutoffs to all ow
bl owdown of the equi pment w thout disrupting normal operation.

3.4.3.3 Pressure and Tenperature Switches. A variety of
different types of pressure swtches are required to neasure the
w de range of pressures present in a boiler. Pressures range
froma few inches of water in the furnace to hundreds of pounds
per square inch in the steamdrum Figure 73 illustrates a
mechani cal type pressure elenent with a nercury-filled switch
typically used for applications in the range of 5 to a few
hundred psig. D aphragmtype nechanisns with snap action
switches, as shown in Figure 74, are used for air pressure
measurenents in the inches of water range. |In both cases, a
change in system pressure causes the sensing elenent to deflect,
activating the swtch mechanism Tenperature switches can use
[iquid- or vapor-filled bulbs or binetallic elenents to activate
simlar swtch nmechani sns (Figure 75).
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Figure 70
El ectronic Program ng Control in a Boiler Panel
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Rising Level

Falling Level

OPERATING PRINCIPLE

A permanent magnet (D) is attached to 2 pivated mercury
switch (@ . As the float (D rises with the wawr level. it
raises the magnet attractor (3) into the fitld of the magnet.
The magnet snaps against the non-magnetic barrier tube @ .
tilting the mercury switch. The barrier tube provides 2
static seal batween the switch mechanism and the float,
eliminating the need for flaxible bellows seals, packing
glsnds or other failure prone saaling elements. When the
water fevel fails, such as with 2 low water condition, the
float dravwvs the magnet attractor below the magnetic field.
The magnet swings out and tilts the mercury switch to the
reverse position, actuating the low water atatrn and operat-
ing the burner cutot! circuit. o

Fl oat / Magnet

Figure 71
Low Wat er Fuel Cutoff
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Fi gure 72
Resi stive Type Low Water Fuel Cutoff

Fi gure 73
Mechani cal Type
Pressure Switch
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Di aphragm Pressure Switch
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Figure 75
Tenperature Switch
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3.4.3.4 Fl ame Scanners. Flane scanners that viewthe
ultraviolet range of light are commonly called UV scanners. Lead
sul fide scanners that view the infrared and visible range of

light are al so coormon. Sel f-checking scanners, like the W
scanner shown in Figure 76, are equipped with shutters that all ow
the scanner's electronic controls to prove that the scanner
conponents are properly functioning. New types of scanners and
el ectronics are al so avail able which neasure the frequency of the
i ght observed and account for the fact that the base of a flane
generates |ight at a frequency of many hundred cycl es per second,
while the tips generate light | ess than 60 cycles per second.
Frequency scanners are especially effective in multiple burner
applications because they can discrimnate well between the
flames from various burners

Shutter UV Detector

\ ! .5t
5 / Amplifier Flame & | | Fuel ‘
iy EURD G -“( ‘f Master : Valve(s)
i Shutter Relays I :

Driving
Circuit Control

Flame Being Scanner
Monitored

Self—Chacking Controi Deenergizes Flame Relay I£:

1. Any Electronic Component Faills
2. Flame Signal is Absent or Continuous
For Any Other Reason

Figure 76
U-V Fl ane Scanner

3.4.3.5 Annunci ators. Figure 77 illustrates a typical
annunci ator system Annunciators are frequently used in boiler
plants to performthe follow ng functions:

a) Provide continuous nonitoring of inportant
operating conditions such as tenperature, pressure |evel,
vi bration, main flame, bearing cooling, and other conditions
associated with the boiler safety control and plant systens.

b) Alert operators to off-normal condition(s).

c) Require operator acknow edgnent of off-nornal
condi tion(s).

d) Advise operator when the condition returns to
nor mal
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a4l s

Figure 77
Annunci at or

3.4. 4 Addi tional Controls and Instrunentation. There are
many types of controls and instrunents that are applied to Navy
boil er plants. Sone provide only neasurenent functions, while
ot hers provide both nmeasurenent and control. Sonme of the conmon
types of instrunentation for nmeasurenment and control are

di scussed bel ow.

3.4.4.1 Air-Flow Steam Fl ow Meter. The air-flow steamfl ow
meter, which is also comonly called a "boiler neter," is
typically applied in series/parallel conbustion control systens
to provide the operator with a guide to control the relationship
between the air required to efficiently burn fuel and air
actually supplied. A nore detailed discussion on flow neters is
contained in par. 3.4.4.4.

3.4.4.2 Tenperature Controls. Direct-acting, pilot-operated,
and pneumatic or electronic tenperature controls are avail abl e.
Direct-acting tenperature control regulators, shown in Figure 78,
consi st of a bellows-operated valve directly connected by
capillary tubing to a tenperature bulb. The bellows, capillary,
and bul b systens are filled with a liquid, gas, or I|iquid-vapor
conbi nation. The bulb is inserted wherever tenperature is to be
controlled, as in a feedwater heater or hot water heater, and the
valve is mounted in the steamor hot water |ine supplying the
heat. Tenperature changes at the bulb produce an expansi on or
contraction of the bell ows and subsequent novenent of the valve
stem An adjustabl e conpression spring opposes expansion of the
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bel | ows and provides a neans to adjust the controlled
tenperature. Direct-acting regulators, while sinple, reliable,
and i nexpensive, are of limted capacity, and the valve and bulb
nmust be |l ocated within the practical Iength of the capillary.

a) Pilot-Operated Valves. Pilot-operated valves are
avai l able for larger capacity and nore flexibility of
installation. Pilot-operated valves nmay be operated by either
internal or external pilot valves. A bulb and capillary system
controls the novenent of a small pilot valve. Variable |oading
pressure produced by the pilot valve controls novenent of the
control valve. Figure 79 shows a pilot-operated tenperature
control valve. Both direct-acting and pilot-operated tenperature
regul ators are proportional devices.

b) Pneumatic and El ectronic Tenperature Controllers.
For inproved control accuracy, two-node (proportional plus
integral) tenperature controllers are avail able using either
pneumatic or electronic conponents. Filled bul bs, bi-netal
el enments, thernocouples, and resistance tenperature devices
(RTDs) are used as sensing elenents. The pneumatic or electronic
controllers conpare the sensed tenperature with a setpoint and
generate an output to control an actuator/valve. The actuator
may be either pneunatic or electric.

——F

*Hot Chamber’ Type

Figure 78
Di rect-Acting Tenperature Regul at or
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Sensing Eiement

Diaphragm

Figure 79
Pi | ot - Operated Tenperature
Control Val ve

3.4.4.3 Pressure Controls. Pressure controllers may be divided
into two general types. One type maintains a set pressure in one
part of the systemwhile pressure in the other part fluctuates or
changes within certain limts. An exanple of this type of

control is a pressure-reducing valve, which nmaintains a set
pressure on the discharge side by controlling the flow of steam
air, or gas. The second type of control maintains a constant
pressure differential between two points and also controls the
flow. This type of control is often applied to a boiler
feedwater systemto naintain a fixed differential between the
pressure of water supplied at the feed valve and the pressure in
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the steamdrum The pressure controller may consist of either a
sel f-cont ai ned device which operates the regul ating val ve
directly, or a pressure-neasuring device, such as a Bourdon tube,
whi ch operates a pneumatic controller. The controller positions
the regul ating val ve or nmechanismto maintain desired conditions.
Operation of pressure-reducing and differential -pressure val ves
depends upon a |l oad applied to a diaphragm or piston, bal ancing
the force exerted by a spring. The pressure load is applied to
both sides of the diaphragmor piston in a differential pressure
val ve, but to only one side in a pressure-reducing valve. A
spring or weight is used to balance the valve in either case.

a) Pilot-Qperated Pressure-Reducing Valve. The valve
shown in Figure 80 is a self-contained pressure-reduci ng val ve,
whi ch operates as follows: The deliver pressure acts on the
bottom of the diaphragm tending to push it up. This novenent is
opposed by the spring, and the di aphragm assunes a position
dependent upon these two forces. The pilot valve is held agai nst
t he di aphragm by a spring, so any novenent of the di aphragm
causes the pilot valve to nove. One side of the pilot valve is
connected to the supply pressure, and the other to the top of the
pi ston which is in contact with the main valve. The spring on
the bottom of the main valve holds the val ve against the piston
and supplies the force necessary to nove the piston up. Wen the
valve is in equilibrium(that is, when flow through it is
sufficient to maintain discharge pressure at the desired |evel),
any drop in pressure on the discharge side causes the spring to
push the di aphragm down and open the pilot valve further. The
pilot valve, in turn, transmts a pressure to the chanber above
the piston and causes the piston to nove downward. This opens
the main val ve and increases the flow, building up discharge
pressure until the valve is once again in equilibrium The
reverse occurs if discharge pressure rises. Discharge pressure
setpoint is regulated by adjusting the spring.
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Fi gure 80
Pi | ot - Oper ated Pressure-Reduci ng Val ve

b) D aphragm Pressure-Reduci ng Valve. The valve in Figure
81 is equipped with a diaphragm actuator and is used for many
purposes. It is commonly connected to a pneumatic controller to
serve as a pneumatic control valve. When used as a pressure-
reduci ng valve, the pressure to be controlled is applied to the
top chanber and a novenent of the diaphragmis transmtted
directly to the control valve. An increase in pressure pushes
t he di aphragm out agai nst the resistance of the spring and cl oses
the valve until equilibriumis established. The controlled
pressure can be varied by adjusting the conpression in the
spring. Figure 82 illustrates a self-contained di aphragm
pressure-reduci ng valve. The outlet pressure bal ances the force
of the spring within the valve body. The renote pressure sensing
capability of the previous valve is elimnated by the sinplicity
of this valve
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Fi gure 82
Sel f - Cont ai ned Di aphragm
Pressur e- Reduci ng Val ve

c) Differential Pressure-Reducing Valve. In the valve
shown in Figure 83, a pressure-tight chanber is provided on each
side of the diaphragm and a spring is used to control the
differential between the two pressures. The top and bottom
chanbers are connected to the two pressures to be controll ed.
When the force on the top chanber of the diaphragmis equal to
the force on the bottomplus the spring force, the valve is said
to be in equilibrium If the bottom chanber pressure changes,
the spring acts on the diaphragmto cause the pressures to vary
si mul t aneously, maintaining a constant differential.

d) Steam D fferential Pressure-Reducing Val ves.
Figure 84 illustrates a differential pressure-reducing valve
typically used to control atom zing steamto oil burners. An oi
sensing line is connected to the top chanber of the valve. The
pressure of the oil and spring are added together to bal ance the
pressure of the steam and to adjust the valve position. Force
applied by the spring establishes the differential pressure
between the oil and steam
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Fi gure 83
Differenti al
Pressur e- Reduci ng Val ve
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Figure 84
Steam Differenti al
Pressur e- Reduci ng Val ve

3.4.4.4 Fl ow Meters. Eight types of flow nmeasuring el enents
are typically found in central heating plants:

a) Differential pressure (orifice)
b) Pitot tubes

c) Vortex shedders

d) Variable area

e) Volunetric/positive displacenent
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f) Propeller and turbine
g) Weirs and flunes
h) El ectromagnetic flow neter

These neasuring el enments may be connected to recorders,
indicators, or totalizers to provide information on plant
oper ati on.

(1) Differential Pressure Meters (Oifice).
Differential pressure flow neters nmeasure pressure | oss created
by fluid flow through a pipeline restriction such as an orifice,
fl ow nozzle, or venturi (Figure 85). Witer, steam or gas
flow ng through a restriction increases in velocity and decreases
in pressure. The pressure drop increases by the square of flow
or velocity. Thus, if an orifice has a pressure drop of 100
i nches of water at 100 percent flow, the pressure drop is only 1
inch of water at 10 percent flow. This explains why it is
difficult for differential flow neters to provide accurate

information at low flowrates. Figure 86 illustrates a steam
fl ow recorder equipped with a Ledoux bell. The Ledoux bell is
shaped to take the square root of a signal fromthe |ine
restriction. Mvenent of the bell is transmtted through a

system of levers and links to a pen which records the flow on a
chart. Pneumatic transmtters Iike the one shown in Figure 87
are available to replace the function of the Ledoux bell. Very
accurate electronic transmtters are also avail abl e.

(2) Pitot Tubes. Pitot tubes are used to neasure
flow in ducts and pipes. They are portable and are used where
spot checks of flow are required. Pitot tubes are well suited
for lowto nediumflow in |arge ducts (Figure 88). Flow does not
pass through the pitot tube; instead it inpacts on the pitot and
causes higher pressure. The difference between hi gher inpact
pressure and static pressure relates to velocity of the fluid.

(3) Vortex Shedder Flow Meters. Vortex shedders
operate over a wde flowrange with high accuracy. They are
unaf fected by changes in viscosity and density of fluid, and they
are relatively easy to install. They operate on the principle
that a bluff body imrersed in a flow sheds vortices alternately
fromits sides (see Figure 89). Vortices inpart an oscillating
nmotion to fluid flow Since there is a direct relationship
bet ween vel ocity and the frequency of vortex shedding, this
met hod can be utilized for flow neasurenent.

(4) Variable Area Meters. |In a variable area or
rotameter, fluid passes upward through a tapered neter tube which
contains a float. Float position indicates rate of fluid flow
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(5) Volunetric Meters. Volunetric or positive di splacenent
meters are frequently used to neasure gas, oil, or water and are
equi pped with a dial register that indicates the total volune of
flow Figure 90 illustrates a positive displacenment neter for
oil service. These neters can also be equipped to generate fl ow
rate signals.

(6) Turbine Meters. In turbine neters, the
rotational velocity of the propeller or turbine is proportional
to fluid velocity or flow Flow rates are neasured by el ectronic
equi pnent which senses this rotational velocity and converts it
to a volunetric reading. Figure 91 illustrates a turbine neter.

(7) Weirs and Flunes. Changes of liquid flow
rates through the weir or flume cause a change in the upstream
l[iquid |l evel. Float-actuated |level indicators are used to
indicate flow rate

(8) Electromagnetic Flow Meter. A nmagnetic flow
meter consists of a transmtter and a primary flow tube
surrounded by el ectromagnetic coils. A process fluid noving
t hrough the magnetic field generates a voltage, which is
proportional to fluid velocity. The transmtter converts these
vol tages to an appropriate output signal.
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Figure 91
Tur bi ne Meter

3.4.4.5 Pressure Gages. A nunber of devices may be used to
measure pressure. The Bourdon tube is the one nost comonly
applied in boiler plants.

a) Bourdon Tube Pressure Gage. The neasuring el enent
of the Bourdon tube gage (Figure 92) is a tube of oval cross
section bent into an arc which is closed at one end and connected
to the source of pressure at the other. This oval cross section
changes its shape with changes in pressure. Wen pressure within
the tube increases, the cross section tends to becone circul ar
and causes the tube to straighten. Myvenent of the free end of
the Bourdon tube is transmtted through a gear and pinion to a
poi nter which indicates the change in pressure. The shape of the
tube and the material fromwhich it is nade depend upon the
pressure range for which the gage is to be used. This type of
gage can be used to neasure pressures either above or bel ow
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at nospheric. Wen using a gage to neasure steam pressure, a
si phon or water |eg nmust be used to ensure that hot steam does
not come into direct contact with the tube.

b) Oher Types of Pressure Gages. D aphragm gages are
used for neasurenent of small differentials in inches of water
where total pressure does not exceed about 1 psig. For high
static pressures, opposed bellows gages (Figure 93) are avail able
to read a wde range of differential pressures. They are
suitable for reading fluid pressure drops through boiler circuits
and can be used to neasure differentials from2 to 1,000 psi at
pressures up to 6,000 psig. More sophisticated devices for
measur enent of pressures and differential pressures are also on
the market. GCenerally described as transducers, they are based
on a variety of principles. Sone exanples are transducers using
a strain gage nounted on a di aphragm or those using a crystal
whi ch undergoes a change in electrical resistance as the el enent
is deformed. Since such elenents require el aborate and frequent
calibration, they have not historically been used as basic
instrunments in boiler plants. However, with their rapidly
increasing reliability and ease of application, pressure
transducers are finding w der application and wll becone nore
frequently seen.

3.4.4.6 Draft Gages. A draft gage is a formof pressure gage
t hat neasures pressures in the range of inches of water colum.
Draft gages typically are used to nmeasure air pressures at the
furnace, w ndbox, and boiler outlet. Inclined and U tube
manonet ers and di aphragm draft gages are common.

a) Manoneters. Figure 94 shows an inclined and U tube
manoneter. The inclined manoneter consists of an inclined |eg

and a reservoir filled with gage oil. In a typical inclined
manoneter, the length of the scales is 12 inches for each inch of
water draft nmeasured. It is inmportant to use the gage oil for

whi ch the manoneter was designed to obtain accurate readings,
since the gage reading is dependent on the density of the oil.
This information is nornmally stanped on the nmanoneter body.

b) D aphragm Draft Gages. The draft gage shown in
Figure 95 uses a thin nmetal diaphragmfastened to a fl at
cantil ever spring. Atnospheric pressure is exerted on top of the
di aphragm and draft on the bottom This pressure differential
causes the diaphragmto nove down. Downward novenent is resisted
by the cantilever spring. Mtion of the cantilever spring is
transmtted through a chain to the counterbal anced pointer and
produces an indication on the scale which is directly
proportional to the draft. The pointer in this gage noves in an
arc. The area of the diaphragmis large, thus greatly magnifying
the force available for noving the pointer.
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3.4.4.7 Flue Gas Anal yzers. A variety of flue gas anal yzers
may be installed in central boiler plants. Their purpose is to
allow the operator to nore efficiently nonitor and operate the
pl ant and to ensure conpliance with environnental regul ations.

a) Oxygen Analyzer. The percentage of oxygen in
boiler flue gas is an effective conbustion guide. Continuous
nmoni tori ng of oxygen |levels can be acconplished by using a
zi rconi um oxi de oxygen anal yzer as shown in Figure 96. The
anal yzer consists of a sanpling systemwhich pulls flue gas into
the zirconiumoxide cell located in an electric furnace. At
approximately 1,700 degrees F, the cell responds to the
percent age of oxygen in flue gas by generating a small electric
current. Analyzer electronics evaluate the electric current from
the cell and produce an output signal to an indicator, recorder,
or conbustion trimcontrol system
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b) Carbon Monoxi de Anal yzer. Carbon nonoxide (CO in
flue gas indicates inconplete conbustion due to either a |ack of
sufficient conbustion air or inefficient mxing of fuel and air.
Modern boiler plants nay be equi pped with CO anal yzers to provide
the operator with an indication of how much CO exists. COin
flue gas is converted to an electric signal through oxidation on
the surface of a catal yst-coated el enent and neasurenent of the
heat produced. Analyzer electronics provide an output signal
proportional to the concentration of COin the sanple stream
The output is sent to a recorder, or occasionally used as a
trimmng input to the conbustion control system Historically,
reliability has been a problemw th CO anal yzers. However, as
technol ogy inproves, their reliability is expected to inprove,
and their use in conbustion control systens will becone nore
cormmon. COtrimis applicable only to oil- and gas-fired
boilers, and its use is limted by essentially the sane criteria
as those noted for oxygen trim systens.

c) Snoke Density Indicator. Coal- and oil-fired
pl ants are often provided with snoke density indicators and
recorders. These units usually consist of a light source and
phot oel ectric cell nounted on opposite sides of the stack, an
el ectronic systemto condition the cell signal, and an indicator
or recorder nounted on the panel.

d) S0, and NO; Anal yzers. Continuous nonitoring of
pollutants is sonetines required by environnmental regulations.
Sul fur dioxide (SO,) and oxides of nitrogen (NQ) are the
pol lutants nost commonly required to be nonitored. Several
different types of analyzers are available to nonitor pollutants
by extractive neans: non-dispersive infrared (NDIR), ultraviolet
photonetric (UV), and el ectrochem cal analyzers for both S0, and
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No,, chem | um nescence anal yzers for Noy, flane photonetric and
fluorescence anal yzers for S0,. Each of these analyzers has its
own advant ages and di sadvant ages, and the technology is rapidly
changing. A detailed analysis of up-to-date technol ogy and

envi ronment al agency requirenents i s recomended before anal yzers
of this type are install ed.

3.4.4.8 Tenperature Gages. Tenperature is neasured by a nunber
of devices, the nbst comon of which is the nmercury- or |iquid-
filled industrial thernonmeter. Wen renote indication or
recording of tenperature is needed, for exanple to nonitor flue
gas tenperature | eaving the boiler, then bulb/capillary,
pneunmatic, or electronic sensors and transmtters can be provided
and connected to an indicator or recorder. Tenperature devices
can al so be used to provide feed-forward or feedback signals to a
control system

3.4.4.9 Recorders. A variety of recorders are available to
provi de a permanent record of al nost any variable that can be
measured. Some recorders may be connected directly to the

i nstrunent ati on which provides the recorded signal, such as the
air-flow steamflow neter. Qhers are renotely nounted and
receive an electronic or pneumatic signal fromthe
instrunmentation elenment. Typical strip chart recorders are
illustrated in Figure 97. These nodels can record up to three
separate process variables on a 4-inch-wde strip chart, while
ot her nodels may record up to 20 variables. Both strip charts
and circular charts in typical use in boiler plants generally
record two to four variabl es.

3.5 Pol | uti on Control Equi pnent

3.5.1 Pol | uti on Regul ations. Control of pollutants from
conbustion of fossil fuels in central boiler plants may be
required. Boiler plant em ssion regul ations are issued by
Federal, State, and |ocal environnental agencies, wth the nost
stringent regulation usually being inposed. Two general types of
regul ations exist: point source regul ations and anbient air
quality standards. Wth recent enactnent of the Clean Ar Act
and i ncreasing enphasis on the environnent, regulations are
becom ng very strict. It is inportant to have a conplete
under st andi ng of regul ations and environnental inpacts prior to
speci fyi ng new pl ant equi prment.
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Strip Chart Recorders

3.5.1.1 Poi nt Source Regul ations. Point source regul ations
place limts upon the quantity of pollutant which may be emtted
fromany stack, regardless of its relationship to local air
quality. These regul ations should be considered to be the

m ni mum regul ati ons, and, if applicable, nust always be net. For
regul ati ons, nost Federal, State, and | ocal agencies have m ni num
size imtations.

3.5.1.2 Anmbient Air Quality Standards. Anbient air quality
standards nay be applicable to any size boiler. These standards
require that em ssions fromthe unit be considered, as they
affect the air quality of the surrounding area. Consideration
must be given to neteorol ogical effects and other pollution
sources in the area in determning allowable em ssion | evels.

Em ssion | evel s determ ned under anbient air quality standards
may be the same as, nore stringent than, or less stringent than
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appl i cabl e point source regulations for a given boiler plant.
Actual determ nation of applicable limts usually warrants a
separate study by a consultant.

3.5.2 Types of Pollutants and Control Methods. Details on
installation and operation of air pollution control systens are
di scussed in U. S. Arny Technical Manual (TM 5-815, Air Pollution

Control Systens for Boilers and |ncinerators.

3.5.2.1 xides of Nitrogen. NG is the generic nanme for a
group of pollutants fornmed from various conbi nati ons of nitrogen
and oxygen. The principal formgenerated by boilers is nitric
oxide, NO NOis fornmed when the nitrogen in fuel and air reacts
at high tenperature with oxygen fromthe air. It can be
controlled in existing boilers by careful adjustnents and

nmodi fication to burners ainmed at | owering peak flame tenperatures
in the furnace and by mnimzing the anount of free oxygen
avai l abl e in the highest tenperature conbustion zones. New
boi l ers purchased to nmeet specific NO, em ssion regulations wll
general ly have these nodifications designed into them In
addition, they wll also be designed wth |arger furnaces and
nore water cool ed surface in the burner zone to inprove heat
transfer characteristics and to further reduce the peak
conbustion tenperature attained. Flue gas recirculation is
another formof NOQ control. Sonme of the nodifications and

adj ustnents that can be inplenented are listed in Table 11, as
wel | as advantages and di sadvant ages of each and the anti ci pated
reduction in NQ; em ssions.

3.5.2.2 Oxides of Sulfur. The prinmary oxide of sulfur (SQ)
formed by conbustion of fossil fuel is sulfur dioxide or SG,.

SO0, is formed when sul fur fromfuel conbines with oxygen fromthe
air in high tenperature zones of the furnace. 1In a conventiona
boiler, essentially all the sulfur that enters with the fue
converts to SO,. No practical form of conbustion nodification
has been devel oped to reduce SO, generation in the furnace. To
control the release of SO0, em ssions to the atnosphere, it is
necessary to either burn a fuel having a | ower sul fur content, or
use sone type of flue gas desul furization equi pnent (also called
scrubbers) to renove the SO, after it |eaves the boiler. The
nmost common types of scrubbers used on boilers are linme or

i mestone slurry types, nmagnesi um oxide slurry, double alkali,
and |inme dry scrubbers. Sone of the perfornmance characteristics
of these are summarized in Table 12. The S0, renoval systens
menti oned above are expensive both to purchase and to operate,
and in nost cases they cost nore than the entire boiler plant.
For this reason, they are not cost effective and generally not
used unless dictated by regulations. They are very rarely seen
on smal l er plants, because conpliance with regul ations are
generally by nmeans of |ow sul fur fuel. Atnospheric fluidized bed
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of

effective than scrubbers but have not been comonly applied

because of their

par. 3.3.1.7).

Tabl e 11

limted operating experience (refer to

Compari son of NG, Reduction Techniques

Techni que

Pot ent i al h(k

Reduct i on (9@

Advant ages

Di sadvant ages

Load Reduction

25-60

Easily i npl ement ed;
addi ti onal equi prent
required

no

Reduction in generating
capacity; possible reduction
in boiler thermal efficiency.

Low Excess Air
Firing (LEA)

15-40

I ncreased boil er thernal
ef ficiency

A conbustion control system
whi ch closely nmonitors and
controls fuel/air ratios is
requi red; possible increase
in particul ate eni ssions;

i ncreased sl aggi ng and ash
deposition with coal -fired
units.

Two- St age
Conbusti on

40- 50

Boi | er wi ndboxes nust be
designed for this
application. Not recomrended
for coal-fired units.

Fur nace corrosion and
particul ate em ssi ons nmay

i ncrease.

O f-Stoichionetric
Conbustion (Coal)

15-45

Control of alternate fuel-
rich and fuel -l ean burners
may be a probl em during

transient |oad conditions.

Reduced Conbusti on
Ai r Preheat

10-50

Not applicable to coal-fired
units; reduction in boiler
thermal efficiency; increase
in exit gas vol ume and
temperature; reduction in
boi | er | oad.

Fl ue Gas
Recircul ation

20-50

Possi bl e i nprovenent in
combustion efficiency and
reduction in particul ate
em ssi ons

Boi | er wi ndbox nust be

nodi fied to handl e the
addi ti onal gas vol une;
ductwork, fans, and controls
required.
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Tabl e 12
Per f ormance Characteristics of
Fl ue- Gas Desul furization Systens

SOy

Retro-
Reg})v' Pressure ft'ot
System . Dr op Recovery and | Operati onal h .
Type E{Lk_ (i nches Regeneration |Reliability E?:g' Advant age O sadvant age
cy of water) I nstal -
( % I ations
Li me- 30-40 |Geater No recovery Hi gh Yes Hi gh Low
st one, than 6" of linme reliability; no |efficiency
Scr ubber boil er scaling. |scaling and
I njection pl uggi ng of
Type nozzl es and
surfaces in
scrubber
solids
di sposal
Li me, 90+ Greater No recovery Low Yes Hi gh Low
Scr ubber than 6" of lime efficiency; no reliability;
I njection boi l er scaling; |solids
Type |l ess scaling in |disposal to
scrubber than landfill.
Iimestone in
some cases
Magnesi um 90+ Greater Recovery of Low Yes Hi gh Low
Oxi de than 6" N@C)and efficiency; no reliability;
sul furic acid sol i ds corrosion and
di sposal . erosi on of
scrubber and
pi pi ng; need
precl eani ng
of flue gas.
Doubl e 90- 95 Regener ati on Unknown Yes Absor ption Sol i ds
Al kal i of sodi um efficiency buil dup in
Syst ens hydr oxi de and potentially react or
sodi um hi gher than system
sulfites ot her systens; problenms with
scal i ng dewat eri ng
probl ens systens.
reduced
produces solid
rather than
liquid waste
Lime, Dry | 70-90 |8" - 10" Li me/ | i neston Unpr oven Yes Lower cost; Unpr oven
Scr ubbi ng including |e may be but relatively oper ati ona
baghouse recovered potentially si npl e reliability
hi gh operati on; appl i cabl e

produces solid
wast e; takes
advant age of

al kal i content
of coal ash
uses existing
t echnol ogy.

only to | ow
medi um sul fur
coal ; nust be
used in

conj unction
with
baghouse/
precipitator.
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3.5.2.3 Particulate. Particulate matter, also called fly ash,
is the pollutant that is of nost concern to boiler operators. It
is conprised primarily of unburned carbon and the portion of ash
that is carried through the boiler by the flue gas stream The
quantity of particulate matter generated is strongly dependent
upon the characteristics of the fuel. |In general, the higher the
ash content of fuel, the higher the particul ate em ssions.
Therefore, coal produces a |large anmount of fly ash, natural gas
produces essentially none, and fuel oil produces a noderate but

w dely varyi ng anount, depending upon its grade and
characteristics.

Particul ate em ssions may be controlled to a certain
extent by careful attention to burners and conbustion
characteristics of the boiler. However, control of this type is
essentially limted to oil firing, since the total particulate
matter produced fromoil is |low and usually contains a | arge
percent age of unburned carbon. Proper conbustion control can
m nimze this unburned carbon and thus substantially reduce the
total particulate em ssion. Wth coal, incomng fuel may contain
10 to 12 percent ash, as much as 80 to 90 percent of which may be
carried out as fly ash. This ash far outwei ghs the snall
percent age of unburned carbon which is produced in the furnace
due to inconplete conbustion. Changes and adjustnents to
burners that mnimze the unburned carbon are, therefore, largely
ineffective in reducing total particulate emssions. (This is
not nmeant to inply that proper burner adjustnent and operation
shoul d be ignored on coal-fired boilers, since gains in therma
efficiency can still be realized due to a decrease in unburned
carbon and reductions in excess air.)

When coal is to be fired in a boiler, it is necessary
to provide particulate em ssion control by neans of a collection
device in the flue gas stream between the boiler and the stack.
Several suitable types of devices exist, as itemzed in Table 13
and discussed in pars. 3.5.3 through 3.5.6. In addition to these
devi ces, under sone circunstances, tall stacks may be consi dered
a particulate control device. Although they do not renove
particul ate matter, tall stacks can cause particul ates to be nore
wi dely dispersed in the atnosphere, and thus can be a neans of
nmeeting anbient air quality regul ations.

3.5.2.4 Pollutants from Natural Gas. O the fuels comonly
burned, natural gas is the cleanest. The only poll utant
general ly associated with natural gas is NGQ. Since natural gas
contains no ash or sulfur, there is no generation of particulate
matter or S0,
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handl e hi gh
t emper at ures and
heavy | oadi ngs.

Tabl e 13
Performance Characteristics of
Particul ate Control Devices
Maxi mum Typi ca
Devi ce Reroval Pressure Advant ages Di sadvant ages
Ef ficiency Dr op
Mechani cal 90-95% 3-6 High reliability; Low efficiency on
Col | ect or wel | proven; conpact. |small particle sizes.
El ectrostatic 99% 0.2-0.8 H gh efficiency over H gh capital cost;
Preci pi tator a wi de range of very sensitive to ash
particle sizes; well anal ysi s.
proven; reliable; |ow
pressure drop
Fabric Filter 99% 3-6 H gh efficiency; Potential ly high main-
reliable if properly tenance; high capita
desi gned; insensitive |cost; not conpatible
to coal type. with oil-only firing;
maxi mum oper ati ng
temperature of 550
degrees F.
Wet  Scr ubber 99% 20-25 H gh efficiency; can H gh capital cost

high O8M cost; solid
wast e di sposa

probl ems; conplicated
control system water
supply and di sposa
probl ens;

weat her proofing may be
required.

3.5.2.5

Pollutants From Q| .

VWhen oi

is burned in a boiler,

a

variety of pollutants can be formed including NQ, SG, and
nmost commonly burned are No. 2,

parti cul at es.
No. 2 oi
having little ash or sulfur,
controlled by burner adjustnents w thout
No. 6 oi

and No. 6.

The grades of oil
is a highly refined,

pol | uti on equi prent.

cheaper.

percent sul fur.
hi gher em ssion | evels.

is

cl ean-burning oil

and em ssions can generally be
resorting to specialized
| ess refined and therefore

It can contain up to about 0.5 percent ash and 3.5
These hi gher anounts of ash and sul fur
Particul ate em ssion

lead to

|l evels from No. 6

oil often becone high enough to warrant use of particul ate

contr ol

content.

3.5.2.6

al ways require a device to control
and SO0, em ssions w ||
not control

devi ces.
to violate regul ati ons,
boilers is not generally cost effective,
usual ly nmet by conversion to an oi

Pol | utants From Coal .

regul ation in effect

Contro

Boi | ers burni ng coal
particul ate em ssi ons.
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of NQ and S0, is required depends upon the
in the particul ar
of NQ, em ssions is acconplished by proper design,

Wil e SO, em ssions can al so beconme hi gh enough
use of scrubbing equi prent with small

and regul ations are
having a | ower sul fur

wi |l al nost

VWhet her or

locality in question.
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adj ustnent, and proper boiler and burner operation. Control of
SO0, em ssions would usually be achieved by the use of |ow sul fur
coal. In very few instances would use of S0, scrubbing equi pnent
be cost effective on small boilers.

3.5.3 Mechani cal Collectors. The term "mechanical collector”
refers to a wdely used type of particulate-collection device in
whi ch dust-1| aden gas enters tangentially, into a cylindrical or
coni cal chanber or series of chanbers and | eaves through a
central opening. The resulting vortex notion or spiraling gas
flow pattern creates a strong centrifugal force which separates
dust particles fromthe carrier gas streamby virtue of their
inertia. The particles mgrate to the cyclone walls by neans of
gas flow and gravity and fall into a hopper. Because of the
pattern of gas flow through the collector, mechanical collectors
are often referred to as cyclones. Cyclones may be cl assified
according to their gas inlet design, dust discharge design, gas
handl i ng capacity, collection efficiency, and their arrangenents.
Two comon types of cyclones are the conventional nedium
efficiency single cyclone, and the nmulticycl one.

3.5.3.1 Single Cyclone. Single cyclones are used to collect
coarse particles when high collection efficiency and space

requi renents are not mmjor considerations. Collection
efficiencies of 50 to 80 percent of particles greater than 10

m crons are comon. A typical configuration is shown in Figure
98. Single cyclones are 4 to 12 feet in dianeter and are limted
to about 20,000 actual cubic feet per mnute gas flow More than
one unit can be conbined in parallel to accept greater gas flows.

3.5.3.2 Mul ticycl ones. \When higher collection efficiencies or
hi gher gas flows are required, it is common to enploy the

mul ticyclone. This device conbines into a single plenuma |arge
nunmber of small dianeter cyclones (6 to 12 inches) of a type
shown in Figure 99. Due to the small dianeter, higher inertial
forces are generated and collection efficiencies are higher. In
addition, it is possible to design nulticyclones to handle
virtually any gas flow sinply by addi ng nore cycl one tubes and
mounting nore than one unit in parallel into the gas stream

3.5.3.3 O her Cyclones. Qher types of cyclones | ess comonly
used are the high-efficiency single cyclone and the wetted
cyclone. The principal characteristics of the four types of
cyclones are summari zed in Table 14.
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Tabl e 14

Dust Col |l ectors

Body Fclgacfw Prgsigre I nl et Col | ection
Type Di anet er 3 - Vel ocity |Efficiency [application O her
(ft) (rt/ (in- (ft/s) %
m n) H20) (79
Medi um 4-12 1, 000- 0.5-2 20-70 50- 80 Mat eri al Large headroom
Ef ficiency 20, 000 handl i ng requirements.
Singl e Limted to | arge,
Cycl one Exhaust gas |coarse particles;
precl eaner |large grain
| oadi ngs.
Hi gh- Less 100- 2-6 50-70 80-95 I ndustri al Smal | er space re-
Ef ficiency than 3 2,000 boi | er qui rement ;
Singl e particul ate |parall el
Cycl one control arr angenent ;
inlet vane flow
control s needed
continuous dust
renoval system
purge operation.
Mul ti- 0.5-1 30, 000- 3-6 50-70 90- 95 I ndustri al Pl enunms required.
cycl ones 100, 000 and utility |Problens: gas
boi | er recircul ation
particul ate |foul ing;
control continuous dust
renoval system
flow control .
Wt t ed Less 100- 2-6 50 90- 95 Boi | er Water rate 55,15
Cycl one than 3 2,000 application|gal/1,000 ft*~/
(low sul fur |mn; corrosion-
fuel) (Il ow resi st ant
tenmperature |[material s.
)
Note: Cyclone collection efficiency nust be eval uated for each

speci fic application,

3.5.3.4

cycl one.

cycl ones,
14 and 15.

Col l ection Efficiency of Cyclones.

due to the sensitivity of cyclone
performance on gas and dust properties and | oadi ngs.

Typi ca
operating in various applications,
Efficiency estinmates for a given application can be

The ability of a
cyclone to separate and collect particles froma gas streamis
dependent primarily upon the design of the cyclone,
guantity of dust particles,

size and
and the pressure drop through the
collection efficiencies for various types of

are given in Tables

made by utilizing the cyclone manufacturer's fractional

efficiency curves.
curve is shown in Figure 100.
testing of simlar

act ual

| aborat ory.

Tot al

An exanple of a typica

fracti ona

ef ficiency

These curves are determ ned by

prototypes in the manufacturer’s
collector efficiency is determ ned by

mul ti plying the percent weight of particles in each size range by

the collection efficiency corresponding to that size range,

and

determ ning the sum of the collected weights as a percentage of
wei ght of dust entering the collector.

t he total
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Tabl e 15
Renoval Efficiencies of Uncontroll ed
Particul ate Em ssions From Conbustion Processes
(Percent Renoved, Medium Efficiency)

Fuel /Firing Mode Cycl one Mul ticycl one
QO | /steam or mechani cal 30-40 40-50
atom zer
Coal / spreader st oker 75-85 90-95
Coal / chain grate or underfeed 50-70 85-90
st oker
Coal / pul veri zed 50-70 85-90
Coal / cycl one 30-40 40-50

[

100

80

60

40

COLLECTION EFFICIENCY PERCENT

) 20 0 80 80 100 120 140
PRRTICLE SIZE, MICRONS

Fi gure 100
Cycl one Fractional Efficiency Curve

3.5.3.5 Pressure Drop and Energy Requirenments. Through any
given cyclone, there will be a loss in static pressure of gas
between the inlet and outlet. This pressure drop is the result
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of entrance and exit |osses, frictional |osses, and | oss of
rotational kinetic energy in the exiting gas stream The cycl one
pressure drop increases approxinmately as the square of the inlet
velocity. Energy requirenents in the formof fan horsepower are
directly proportional to the volunme of gas handl ed and the static
pressure drop. A rule of thunb estimate of fan energy
requirenents is that one quarter of one horsepower is required
per 1,000 actual cubic feet per mnute of gas per 1-inch water
pressure drop. Thus, a mechanical collector applied to a 40,000
| b/ hr boiler (approximtely 16,000 actual cubic feet per mnute
flue gas flow) and designed to operate at 3.0-inch water pressure
drop woul d require about 12 horsepower in fan power.

3.5.3.6 Cycl one Performance. For cyclone installation, it is
desirable to have as high a collection efficiency and as | ow a
pressure drop as possible. Actual in-plant performance will vary
fromday to day due to changes in operating conditions such as
gas flow, dust |load, and particle size. |In general, changes that
i ncrease pressure drop or particle size will inprove the
collection efficiency, and changes that decrease pressure drop or
particle size will decrease efficiency.

3.5.3.7 Application for Particulate Collection. Mechanical
collectors are used as primary particulate coll ection devices
when the particulate dust is coarse, when inlet |oading is heavy,
or when high collection efficiency is not a critical requirenent.
Since collection efficiencies are | ow conpared to other types of
control devices, nechanical collectors are not usually suitable
as the primary nmeans of control when em ssion regulations are
stringent. In this case, one of the devices discussed later in
this section nust be applied.

3.5.3.8 Application as Precl eaners. Another conmmon application
of cyclones is as a precleaner in solid fuel conbustion systens,
such as stoker-fired and pul verized coal -burning boilers. In
these units, large coarse particles my be generated and a
cyclone collector may be install ed ahead of an electrostatic
preci pitator or baghouse to renove these particles. In the case
of a stoker/baghouse conbi nation, a nmechanical collector is

al nost mandatory, since hot or burning particles are often
carried over the fuel bed and could ignite the bags. A

conbi nation installation is also ideal froma perfornmance

st andpoi nt when applied to a precipitator, because the cycl one
exhibits increased collection efficiency during high gas flow and
dust | oading conditions, while the precipitator shows an increase
in efficiency during decreased gas flow and dust |oading. The
two devi ces conpl enent each other to provide good efficiency over
a w de range of gas flow and dust | oading conditions.
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3.5.3.9 Application for Reinjection. Fly ash carried over from
a spreader stoker often contains a high percentage of unburned
carbon. This constitutes a loss in heating value and, therefore,
efficiency. Since the particles are fairly coarse, a nedi um
efficiency cyclone can collect themeffectively with a m ni mum of
added fan horsepower. An additional small fan can then be used
to reinject the collected material into the furnace for nore

conpl ete conbustion. This type of cyclone arrangenent is
typically used ahead of a precipitator or baghouse, which serves
as the final collection device.

3.5.3.10 Effect of Firing Modes. The nethod by which fuel is
fired can have a major effect on the suitability of a nechanica
collector for the application. This is due to differences in
particle size distribution in the flue gas fromthe different
firing nodes. Thus, if the sane coal were to be fired in two
identical boilers, one using a spreader stoker and the other
using a chain grate stoker, the nechanical collector could
collect the ash fromthe spreader stoker-fired boiler nore
efficiently, because it generates coarser fly ash. Table 15
illustrates the opti num expected performance of mechani cal
collectors for particulate renoval in various conbustion process
appl i cations.

3.5. 4 Fabric Filters. Fabric filters, commonly called
baghouses, are used to renove particulate fromthe flue gas
stream Filters are made of woven or felted high tenperature
fabric, such as fiberglass or Teflon. They are normally
manufactured in the formof a cylindrical bag, although other
configurations are possible. These elenents are contained in a
met al housing which has gas inlet and outlet connections, a dust
storage hopper, and a cl eaning nmechanism In operation, dust-

| aden gas flows through cloth filters, and dust is renoved from
the gas streamas it passes through the filter cloth. Filters
are cl eaned periodically.

3.5.4.1 Housi ng Design. For practical reasons, nost baghouses
used for boiler flue gas are designed to operate on negative
pressure and are | ocated between the | ast heat trap and the

i nduced draft fan. Pressurized baghouses are very rare.
Negati ve pressure baghouses are constructed with a wel ded steel,
gas-tight housing. It is usually divided into two or nore
conpartments, each having a dust collection hopper beneath it.
Hoppers and housing are insulated, and the fan is | ocated on the
cl ean side of the collector.

3.5.4.2 Filter Arrangenent. Filters are usually cylindrical
but may al so be of the flat panel type. The cylindrical types
have the advantage of maxim zing total cloth area per square foot
of floor area, since they can be nmade very long. They typically
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have a length to dianeter ratio of about 30:1. They can be
arranged to collect the dust on either the inside or the outside
of the cylinder. Flat panel filters consist of large, flat areas
of cloth stretched over adjustable franes. Flow direction is
usual ly horizontal. Flat panel filters have the advantages of
frames. Flow direction is usually horizontal. Flat panel
filters have the advantages of allowing slightly nore filter area
per cubic foot of collector volunme and of allow ng the panels to
be manual |y cl eaned by brushing if excessive dust build-up
occurs.

3.5.4.3 Filter O eaning Methods. Dust may be renoved from
filters by several nmethods. The nost common net hods applied are
shaki ng, reverse gas flow, and reverse pul se.

a) Shaking. A few baghouse designs use a rigid frane
and a notor-driven oscillator nechanismto gently shake dust
| oose fromthe bags. However, this is rarely used on nodern
design units because it increases bag wear and shortens bag life.

b) Reverse Gas Flow. See Figure 101. The reverse gas
fl ow cl eaning method uses a fan to gently backwash the bags with
hi gh vol une, | ow pressure, clean flue gas taken fromthe baghouse
outlet. This causes dust which has accunul ated on the bags to
drop off into the hoppers. Baghouses of this design use low air-
to-cloth ratios and thus require nore bags and a | arger housing
to handle the sanme gas flow. In addition, a spare conpartnent
must be provided, since the conpartnments nust be taken off-1line
for cl eaning.

c) Pulse Jet. See Figure 102. The pulse jet cleaning
met hod utilizes a short blast of high pressure air (90 to 100
psig) to bl ow backwards through the bag and di sl odge dust so that
it can drop into the collection hopper. This design has several
advant ages over the reverse gas flow nethod and is gradually
becom ng the dom nant design in the industry. [Its primry
advantages relate to its higher air-to-cloth ratio and
subsequently small er physical size. This leads to lower initial
cost, fewer bags, and | ower space requirenents. O her advantages
are | ower horsepower requirenments for generating the cleaning
air, fewer noving parts, and the fact that conpartnents nmay be
cl eaned either on- or off-line. Its main disadvantage is that
t he bags, although fewer in nunber, nust be considerably heavier,
and therefore nore expensive, to wthstand the severe cl eani ng
cycl es.
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Pul se Jet Baghouse

3.5.4.4 Energy Requirenents. The primary energy requirenent of
a baghouse is the fan horsepower necessary to nove flue gas
through the unit. Resistance to flow arises fromthe pressure
drop across the filter cloth, friction |osses through ducts and
danpers, and turbulent flow |l osses. Power is also required to
drive the cl eaning equi pnent.
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3.5.4.5 Application of Fabric Filters. Properly designed
fabric filters may be applied to nost coal -fired boiler
applications, either as part of a newinstallation or on a
retrofit basis. The flue gas tenperature into the fabric filter
nmust be mai ntai ned above the sulfuric acid dew point but bel ow
the maxi mum perm ssible filter cloth tenperature. Tenperature
requi renents are discussed nore fully in Section 4. Application
to oil-fired boilers is not generally recomended, since unburned
oil tends to cause the filters to plug or blind. A bypass around
t he baghouse is generally utilized for boilers that must burn
both coal and oil.

3.5.5 El ectrostatic Precipitators. An electrostatic
precipitator (ESP) is a device that renoves particles froma gas
stream by neans of an electric field (Figure 103). The electric
field inparts a positive or negative charge to the particle and
attracts it to an oppositely charged plate. Provision is also
made to renove dust particles fromcollection plates to dust
hoppers | ocated below the precipitator. The entire precipitator
is enclosed in a nmetal housing which has a flue gas inlet and
outlet and is connected into the boiler |ines between the boiler
and stacks. ESPs may be operated under either pressure or
suction conditions, with gas flow either horizontal or vertical.
Many configurations are possible, dependi ng upon the desired
application. Common applications are di scussed bel ow

3.5.5.1 El ectrode Design. Mst electrostatic precipitators are
of the parallel plate design with horizontal gas flow. The

pl ates carry a positive charge and act as the collecting

el ectrode. A large nunber of negatively charged high voltage

di scharge el ectrodes are spaced between the plates. These

el ectrodes inpart a negative charge to the particles in the gas
stream which are then attracted to the positively charged
collection plates. The particles adhere to the plates until they
are renoved by the cleaning system This el ectrode system can be
designed in two basic configurations.

a) Wighted Wre. 1In the weighted wre design, both
pl ates and wires are suspended fromthe top and all owed to hang
vertically by gravity. Wights are attached to the wire to
mai ntai n proper tension. Precise alignnment is necessary so that
both sets of electrodes maintain the relationships required for
best efficiency. Wighted wire construction has been used for
many years, and is well proven and relatively inexpensive.
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Fi gure 103
El ectrostatic Precipitator

b) Rigid Frane. Sonme nodern precipitators use rigid
frame construction. In this type of construction, both the
positive and negative electrodes are rigidly nmounted at top and
bottomto maintain precise alignment. This is sonewhat nore
expensi ve, but is advantageous when extrenely high collection
efficiencies are required. It also reduces mai ntenance costs by
mnimzing or elimnating el ectrode wi re breakage.

164



M L- HDBK- 1125/ 1

3.5.5.2 Precipitator Location. Precipitators may be | ocated
either in hot regions of the flue gas stream where tenperatures
are above 600 degrees F, or after the last heat trap, where
tenperatures are between 300 and 350 degrees F. These two

| ocations are termed hot and cold, respectively.

a) Hot Precipitators. Hot precipitators are generally
applied to units designed for | ow sul fur coal because the
characteristics of ash fromthis type of coal make it difficult
to collect in a cold precipitator. Particle resistance to
col l ection decreases at the higher tenperature. The ability to
remove particles fromthe plates and hoppers is al so increased at
these tenperatures. Hot precipitators are nore expensive,
however, because they nust be larger to handl e the higher
specific volune of the gas stream Material selection, design
for proper expansion, and structural considerations al so becone
nore critical at higher tenperatures. Finally, radiation |osses
fromthe precipitator housing increase at higher tenperatures,
necessitating either nore insulation or a reduction in boiler
operating efficiency.

b) Cold Precipitators. Cold precipitators are
designed to operate at tenperatures between 300 to 350 degrees F
They are smaller in construction and therefore cheaper than hot
units for the sane boiler size. However, they are not as
effective in collecting ash fromlow sulfur coal. |In addition
they nust be resistant to corrosion due to condensation of
sulfuric acid at | ower tenperatures.

3.5.5.3 Cl eani ng and Dust Renoval. Dust is renoved from

el ectrodes by rappers. Rappers can consist of el ectromagnetic
sol enoids, notor-driven canms or notor-driven hanmers which

vi brate or inpact upon the tops of the plates and wires. This
causes collected dust to slide down the el ectrode, eventually
reachi ng the dust collection hopper at the bottomof the unit.
Once collected in the hoppers, dust is renoved by the fly ash
removal system

3.5.5.4 Energy Requirenents. The main uses of energy in an
el ectrostatic precipitator are the fan horsepower to nove flue
gas through the unit and the power required to maintain the

el ectrostatic field. These two power usages are approxi mately
equal. A typical electrostatic precipitator on a 30,000 Ib/hr
boil er would require about two to three brake horsepower in fan
power consunption and two to three kilowatts to maintain the
electrostatic field. The rappers and dust renoval systens are
ot her sources of power consunpti on.
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3.5.5.5 Application of Electrostatic Precipitators.

El ectrostatic precipitators can be designed to function
efficiently on alnost any boiler, either for a new or retrofit
installation, if sufficient physical space exists. However, it
is inmportant to have a good know edge of the fuel analysis that
w Il actually be burned, since this has a najor effect upon the
design of the precipitator. Once the precipitator has been
desi gned and sized for a given fuel, major inefficiencies and
operating problens can result fromfuel changes.

3.5.6 Wet Scrubbers. A wet scrubber is a device designed to
use a liquid to separate particulate contam nants froma flue gas
stream Wt scrubbers have sone potential application and
advant ages over other types of particulate control devices and
are thus discussed in this handbook. Most wet scrubber
applications to Navy boilers would be of the wet approach ventur
type (Figure 104). It is very conpact and has the capability to
collect particles down to subm cron size with about 99 percent
efficiency, or even nore if necessary. |Its principle of
operation is somewhat simlar to a nechanical collector, but it
adds the action of liquid scrubbing to centrifugal and inertial
forces. The incom ng gas steam accel erates and atom zes the
liquid droplets. These atom zed droplets then wash dust out of
the gas streamin the same manner that a severe rai nstorm can
wash dust out of the atnosphere. Pressure drop through a wet
scrubber increases with decreasing particle size and increasing
col l ection efficiency.

For a venturi scrubber applied to a coal-fired boiler,
pressure drop typically ranges from20 to 25 in water. This
creates a significant penalty in fan horsepower requirenents and
is one of the primary reasons that wet scrubbers are sel dom
applied to smaller boilers. Qher types of scrubbers can | ower
this horsepower requirenent, but their collection efficiencies
are also lower. The other major di sadvantage of the wet scrubber
is its water usage. The cost of pretreating water and the cost
and conplexity of treating the waste slurry fromthe scrubber
di scharge can be significant. The primary advantages of a wet
scrubber are its conpact size and its tolerance for extrenely
hi gh gas tenperatures. These two characteristics make it
potentially useful for retrofit application where other types of
control devices mght not be applicable due to efficiency or
space requirenents.

3.6 Auxi | i ary Equi pnent
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Figure 104
Wet Approach Venturi
Scr ubber

3.6.1 Feedwat er Heaters. C osed feedwater heaters of the
tube and shell type are used to preheat feedwater going to
deaerators and hot water boilers as well as for deaerating

heati ng. These cl osed feedwater heaters can make use of turbine
exhaust steam or waste heat generated in the boiler plant to

i nprove overall plant efficiency. Figure 105 illustrates a

cl osed U-tube heat exchanger used for feedwater heating.

3.6.2 Punps and Injectors. The selection and repl acenent of
punps require consideration of capacity and pressure

requi renents, the type and tenperature of fluid to be handl ed,
and the type of punp best suited for the job requirenents.
Performance characteristics vary wdely, even anong punps of the
sane type and capacity. Punps can be classified into four
groups: centrifugal punps, reciprocating piston punps, rotary
positive displacenment punps, and jet punps/injectors. The
characteristics of these groups are discussed |ater.
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3.6.2.1 Installation. Selection of a punp for a particular job
i nvol ves many consi derations, but once the punp is sel ected,
successful performance depends upon details of the installation.
This is particularly true where the punp nust lift the fluid or
when the fluid is heated. Geater care nust be exercised in
design and installation of the suction line than of the punp

di scharge. A strainer is required to prevent foreign objects
fromentering and cl oggi ng the punp or piping. The maxi num
suction lift or mnimmsuction |ift or mninmmsuction head
depends to a great extent upon the tenperature of the water and
di stance of the punp above sea |level, as noted in Table 16. The
foll ow ng rules should be observed when installing a suction |ine
to a punp. D sregarding any of the following rules may lead to
unsati sfactory operation or conplete failure:

a) The line nmust be tight. A leak in the discharge
line may be annoying, but a leak in the suction line my lead to
i noperation of the punp.

b) Keep the suction lift, or the vertical distance
fromthe punp to the water supply, as small as possible.
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Tabl e 16
Per m ssi bl e Maxi num Suction Lifts and
M ni num Sucti on Heads i n Feet
for Various Tenperatures and Altitudes

Al titude Wat er Tenperature (degrees F)

60 80 100 120 140 160 180 200 210
At sea | evel -22 -17 -13 -8 -4 +0 +5 +10 +12
2,000 ft -19 -15 -11 -6 -2 +3 +7 +12 +15
above -15 -11 -6 -2 +3 +7 +12 +16 -
6, 000 ft -11 -7 -2 +2 +7 +11 +16 -
above
10, 000 ft
above

Note: (-) indicates maxi mum suction |ift, or distance
of punp above water.
(+) indicates suction head, or distance of punp
bel ow wat er .

c) Keep the suction |line as short as possible. Keep
t he nunber of fittings, such as ells, tees, reducers, and val ves
to a mninmum

d) To reduce | osses caused by pipe friction and high
velocity, keep the dianeter of the suction line as |arge as
practical .

e) To prevent formation of air pockets, maintain
proper slope on horizontal sections of pipe. Slope the |ine away
fromthe punp for a suction |ift and toward the punp for a
suction head (Figure 106A).

PUMP
e VN N NN

YR SN/ RS,

Good Design Poor Design

Fi gure 106A
Mai ntain Proper Slope to Suction Line
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f) Do not use fittings that permt the formation of
air pockets (Figure 106B). Note: An air chanber is occasionally
used on the suction line of a punp to snooth out pressure
fluctuations or surges. These nust be carefully designed and
installed to ensure proper operation.

AIR POCKET
g r
e———— s —
FLOW
Good Dasign Poar Design

Fi gure 106B
Suction Line Installation

g) To keep the line and punp full of water when the
punp is idle, install a foot valve on the inlet end of a suction
line. A foot valve is a special type of check val ve made for
this purpose. Very little force is required to operate it, and a
strainer is usually incorporated. A foot valve has no val ue when
the punp is | ocated bel ow the source of water supply.

h) Properly guard gears, belts, shafts, and other
nmovi ng parts exposed to hazardous contact, and provide drains
from punp bases.

3.6.2.2 Centrifugal Punps. Centrifugal punps use a rotating
inpeller to give velocity and pressure to fluid. This type of
punp is wdely used in boiler feed and condensate punpi ng
applications. Figure 107 illustrates a horizontal split case
type of centrifugal punp. Centrifugal punps are available in
many configurations, including single and doubl e suction, single
and double volute, nmultistage, and vertical. Although these
punps | ook different, they have basically the same conponents and
operate simlarly. They are conpact, of sinple construction,

di scharge at a uniformrate of flow and pressure, contain no

val ves or pistons, operate at a high speed, and can handle dirty
water. They have two maj or di sadvantages: conparatively |ow
efficiency, and inability to discharge air or vapor. However,

t heir advantages nore than offset the | ower efficiency. The
inability to discharge air can be overcone by proper installation
and operating practices.
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Centrifugal Punp

a) Construction. The punp shown in Figure 107
consists of the rotating elenent called an "inpeller," the
casing, shaft, and parts used for sealing the punp agai nst
| eakage.

(1) The inpeller consists of two disks separated
by a nunber of vanes which form passages for water and are
connected to the hub. This inpeller may be of cast iron, bronze,
steel, or other alloys, depending upon the fluid to be handl ed.
Its dianmeter depends on its operating speed and the difference
bet ween suction and di scharge pressures. The pressure difference
is usually called the "punp head" and is neasured in feet. An
inpeller may be either single or double suction. The one shown
is the double suction type, in which water enters from both
si des.

(2) The casing is split on the horizontal center
line and contains the inlet and outl et passages. Inlet and
outl et connections are usually in the bottomhalf of the casing,
permtting disassenbly and repair of the punp w thout disturbing
pi pe connections or punp alignnment. The casing guides water from
the inlet connection to the inpeller and fromthe inpeller to the
di scharge connection. The casing, although usually nade of cast
iron, can be nmade of other materials if necessary to handle
speci al fl uids.

171



M L- HDBK- 1125/ 1

(3) The shaft supports and drives the inpeller and
is, in turn, supported by bearings. Babbitt-type bearings are
used in the punp shown in Figure 107, though many punps use bal
beari ngs.

(4) The inpeller is held firmy by shaft sleeves
that also help to seal it against air |eakage into the punp.
Sl eeves are held in place by two nuts, one of which has a right-
hand thread and the other a left-hand thread. Packing is
sonetinmes provi ded between these nuts and the sl eeves to ensure a
tight seal. Stuffing boxes are provided where the shaft passes
t hrough the casing. Stuffing boxes are filled wth packing held
in place by packing glands. A brass or bronze lantern ring is
often inserted between two adjacent rings of packing to provide a
channel for the sealing water. The sealing water |ubricates and
cool s the packing and shaft sl eeve and hel ps seal against air
| eakage into the punp. It may be supplied directly fromthe
punp, as shown, or from an outside source. The casing has
renewabl e rings to reduce | eakage fromthe discharge to the inlet
side of the inpeller. Renewable bearings are occasionally
installed on the inpeller.

b) Operation

(1) Wen the punp is operating, the inpeller
rotates at high speed, drawing water into its center, near the
shaft. The resultant centrifugal force inparts energy to the
water, which is forced outward. As this occurs, the parti al
vacuum produced at the inlet draws additional water. The casing
must transformthe velocity of water leaving the inpeller into
pressure with mnimumloss. This is done in the punp shown by
maki ng the casing in the formof a spiral, called a "volute,"” and
gradually increasing its cross-sectional area fromits begi nning
to the punp discharge. The punp shown is called a "single-stage
punp" because water passes through only one inpeller. Miltistage
punps are used when it IS necessary to operate agai nst higher
heads. In a multistage punp, water travels through successive
inpellers or stages until it has reached the desired head.

(2) The output of a centrifugal punp can be
controlled by regulating the punp speed, providing a controlled
recirculation line, or throttling the discharge. The
recirculation line, or bypass, consists of a valved |line between
t he punp di scharge and suction. The output of the punp is
decreased by opening this valve and recircul ati ng water through
the punp. Throttling the discharge increases pressure at the
punp outlet, causing sonme of the fluid to stop and remain in the
punp casing. Any of these control nethods can be manual or
automatic. A centrifugal punp nmust be equi pped with a check
val ve on the discharge side to prevent backfl ow of water when the
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punp is inoperative. Centrifugal punps are designed to deliver a
given quantity of fluid against a specified discharge pressure or
head. Every centrifugal punp has a maxi mnum or shutoff head,
above which it is unable to deliver any fluid. This fact shoul d
be taken into consideration when an increase in delivery pressure
is contenplated. The shutoff head can sonetines be increased by
substitution of a larger inpeller, although a |arger notor nmay

al so be required.

3.6.2.3 Reci procating Piston Punps. The direct-acting, steam
driven duplex punp is wdely used because of its low initial
cost, | ow nmai ntenance, sinple operation, and positive action.
Sinpl ex punps are rarely used because of the wide fluctuation in
fluid pressure at the punp discharge.

A horizontal duplex piston punp is shown in Figure 108.
This type of punp consists of two single-cylinder punps nounted
side by side. The piston rod of one punp operates the steam
val ve of the other through a systemof bell cranks, rocker arns,
or links. Pistons nove alternately so that the resultant
di scharge of water is essentially continuous. Steamis admtted
for the full stroke and is not used expansively, resulting in
hi gh steam consunption for the anmount of water handled. Each
cylinder has two ports in each end, one of which admts steam
while the other discharges it. This mnimzes the required valve
travel but |eaves sufficient bearing surface between the steam
ports and the main exhaust port to prevent steam | eakage from one
to the other. Steamwhich is trapped in the cylinder when the
exhaust stroke nears conpletion provides a cushion to prevent the
piston fromstriking the cylinder heads. Sone punps al so have
smal | hand operated val ves on the side of the steam chest to
regul ate the anmount of cushioning by controlling the escape of
the steamfromthe cylinder. Maxi mum cushioning is desired with
t he punp operating at high speeds, and is obtained by closing the
hand val ve.

Val ves of a duplex punp do not overlap the edges of the
ports wwth the valve in its md-position. Valves are held to
their seats by the pressure differential acting on the two sides
of the valve. Figure 109 shows the relative position of the
wor ki ng parts when the punp and valve are in md-position. The
illustrations indicate that valves are not fastened rigidly to
the stemand that there is | ost notion between the valve and the
stem This lost notion is provided to force the punp to take a
full stroke; otherwise, it would make only about a quarter
stroke. The typical operations of the punp are also due to this
| ost notion. \When one piston has conpleted its stroke, it pauses
and goes into reverse only after the second piston has reached
the end of its stroke and noved its valve. One piston is always
in position to nove so that the punp goes into operation as soon
as the steamval ve i s opened.
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3.6.2. 4 Rotary Positive Displacenent Punps. Rotary positive
di spl acenent punps use gears, screws, or sliding vanes to nove a
vol une of fluid through the punp (Figure 110A and 110B). Rotary
positive displacenent punps are nost commonly used in boiler
plants to punp fuel oil. Very close tol erances are nuintained
between the punp internals to mnimze slippage of fluid.
Slippage in a positive displacement punp may be less than 0.5
percent, while slippage of 50 percent or nore is common in
centrifugal punps. These punps can thus operate at high
efficiencies and pressures. Rotary positive displacenment punps
shoul d be equipped with relief valves to protect against over
pressurization. Wile centrifugal punps may be controll ed by
throttled flow, rotary positive displacenent punps are controlled
by recirculating a portion of the punped fluid back to the tank
or the punp suction.

ROCKER ARMS
WATER DISCHARGE

DISCHARGE

UCTION
VALVES

L
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L pmston rod

PACKING BOX

Fi gure 108
Reci procati ng Piston Punp
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3.6.2.5 Jet Punps/Injectors. An injector is a jet punp used to
feed water into a boiler, where its high thermal efficiency
justifies its use. Mst of the heat, in the formof steam used
to operate the punp is returned to the boiler with the water.

The injector is convenient, cheap, conpact, efficient, and has no
moving parts. It delivers warmwater into the boiler wthout
preheating, and has no exhaust to dispose of. It cannot be used
to punp hot water and can handl e a maxi num wat er tenperature of
about 140 degrees. Excessive preheating of feedwater passing
through the injector often causes inpurities to drop into the
tubes, scaling themso heavily that the injector fails to
function.

Essential parts of an injector are the steamtube,
conbi ning and delivery tubes, and the necessary casing to guide
water to and fromthese tubes (Figure 111). The shape of the
steamtube is designed in the shape of a venturi to increase the
velocity of the steam passing through the tube. As a result of
this high velocity, air is partially evacuated fromthe inlet
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line, causing the water to rise until it contacts steamat the
entrance of the conbining tube. Steamis condensed and inparts
consi derable velocity to water. The condensi ng steamreduces its
vol une and thus maintains the vacuum The conbi ni ng tube further
i ncreases the velocity of the noving nmass of water, enabling it
to cross the opening to the delivery tube. The water velocity
opens a check valve and water enters the boil er against the
boil er pressure. An overflowis provided to renove water when
the injector is started. No water should appear at the overfl ow

if the injector is operating properly. |Injectors can be hand
starting, automatic, single tube, or double tube. An automatic
injector will resune its flow after an interruption w thout any

attention fromthe operator. The injector operates
satisfactorily under a constant | oad and pressure but becones
unreliable when operating with fluctuating pressure. Due to this
fact and to low tenperature limtations, injectors are rarely
used on nodern installations. |Injector failures are nost often
caused by excessive suction lift, hot water, clogged strainer or
suction line, and fluctuating pressures.

Auxiliary Overflow
Forcer Steam Vaive

Forcing Tube
Main Steam Valve

Check Vaive

Lifting Rod To Main
Qverflow Vaive

Regulating Vaive

Main Overfiow Valve

Forcing Steam Nozzie

Overflow

Lifting Tube
Feedwater Suction

Figure 111
Steam | nj ect or
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3.6.2.6 Boi | er Feed Punps. The boiler feed punp is probably
the single nost inportant auxiliary in the boiler plant. It nust
be operated continuously when the boiler is in operation, and at
a rate of discharge equal to the rating of the boiler. The ASME
Code requires the boiler to have two nethods of feeding water, to
ensure that an adequate supply is available at all tines.

Reci procating and jet punps can be used for this purpose, but
centrifugal punps are npbst commonly used in nodern stationary
practice. Centrifugal punps have the advantages of small size,
hi gh speed, | ow chance of boiler water contam nation with oil,
and continuous steady flow

a) Reciprocating Punp Application. The area of the
steam cylinder of a reciprocating punp ranges fromtwo to three
times that of the water piston or plunger to allow for friction
| osses and to permt the punp operation at reduced steam
pressures. A boiler feed punp is required to punp against a
total head ranging from1l1l.1 to 1.5 tinmes the boiler pressure. A
reci procating punp nust be sized to provide the desired water
di scharge capacity with the punp operating at approxi mately one-
hal f the maxi mum stroke rate. This allows for punp wear and
provides a margin in an energency, such as |ow water or ruptured
tubes. Reciprocating punps of the direct-acting duplex type are
sonetimes used for small capacities and noderate pressures. They
consune approximately 5 percent of the steam produced by the
boil er, but since the exhaust is utilized to heat the feedwater,
the net heat consuned by the punp can be |ess than 1 percent.

b) Centrifugal Punp Application. Centrifugal punps
for boiler feed applications nust be sized to devel op enough head
and capacity to feed the boiler under all conditions. A
centrifugal punp may be driven by a steamturbine or a variabl e-
or constant-speed notor. The nethod used to control output
depends primarily on the type of drive used. Any centrifugal
punp used to punp hot water nust be provided with an adequate
flow of water at all tines. Centrifugal punps quickly becone
st eam bound and stop punpi ng under certain conditions, and may be
damaged if permtted to operate under those conditions for any
l ength of tine.

3.6.2.7 Condensate Punps. Reciprocating, positive-displacenent
rotary, and centrifugal punps are used for this service. Heating
systens generally use an automatic fl oat-operated centrifugal
punp. The condensate drains to a return tank or reservoir, and a
fl oat operates a notor switch which starts and stops the
centrifugal punp. In one arrangenent, the notor is on top of the
tank and the punp is at the bottom |In another arrangenent, the
punp and notor are nounted outside and bel ow the return tank.
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3.6.2.8 Vacuum Punps. Reciprocating, jet, and positive-

di spl acenent rotary punps may be used for vacuum service. A
centrifugal punp can be used to supply water to the jet, which
actually mai ntains the vacuum Reciprocating punps, arranged to
remove both condensate and air at the sane tine, are called wet
vacuum punps. This is a common arrangenent and is used with
smal | condensing turbines or engines. Smaller clearances in the
wat er end characterize punps used for this service. A punp which
renmoves only air is known as a dry vacuum punp. The vacuum punp
in a vacuumreturn heating system nust handle both air and water.
One nethod of doing this is to use a punp with two inpellers
mounted on a shaft. One inpeller handles water and the ot her

air. Condensate flows into the receiver and enters the punp. An
automatic control actuated by the water |evel and pressure in the
recei ver (which is bel ow atnospheric) starts and stops the punp
as required. This arrangenent can maintain a vacuumof 10 to 18
inches of nmercury in a systemwhich is reasonably free from

| eaks.

3.6.3 Forced Draft (FD) Fans. FD fans are applied to push
conbustion air through the burner into the furnace. |If an ID
fan is not supplied, the FD fans nust al so push the products of
conbustion through the boiler to the stack. Both centrifugal and
axial fans are used, with centrifugal units being nore comon.
Centrifugal fans include the follow ng bl ade designs: radial,
forward curved, forward curved/ backward inclined, backward
inclined, and airfoil/backward inclined. Backward inclined and
airfoil/backward inclined fans are nost comonly used for FD fan
servi ce because of their high efficiency, stable operation, and
nonover | oadi ng horsepower characteristics. FD fans are required
to operate over a |load range of approximtely 25 to 100 percent
capacity. This is acconplished primarily by use of danpers.
Three types of danpers are used: inlet danpers, parallel blade
outl et danpers, and opposed bl ade outl et danpers. Figure 112
illustrates a FD fan equi pped with inlet vane danpers. Figure
113 illustrates a typical parallel blade outlet danmper. Inlet
vane danpers control airflow through the fan by prespinning the
entering air. Each position of an inlet vane danper in effect
creates a new fan and horsepower curve, as shown in Figure 114.
This results in inproved control range and horsepower savings
over outl et danper applications by creating a static pressure on
the fan. Increased static pressure reduces flow and causes the
operating point to nove back up the fan curve (Figure 115).
Opposed bl ade outl et danpers provide a greater control range than
paral l el bl ade outl et danpers, which operate best in the 70 to
100 percent capacity range.
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Figure 112
Forced Draft Fan Wth Inlet Danper

Figure 113
Typical Qutlet Fan Danpers
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3.6.4 | nduced Draft (ID) Fans. |ID fans are used to exhaust

t he products of conbustion fromthe boiler. Maintaining bal anced
draft conditions in the furnace inproves boiler operation and
provi des energy to nove flue gases at velocities needed for good
heat transfer. |ID fans are subjected to nore severe service
conditions than FD fans, because they nust handl e | arger vol unes
of gas at high tenperatures and contain ash particles. Physical
characteristics of ID fans nust therefore be different fromthose
of FD fans. Airfoil blades are not recommended for ID fan
service. Backward inclined fans are acceptabl e for nonabrasive
gas service, while radial or radial tip blades and forward
curved/ backward inclined fans are reconmended for abrasive
service. The higher tenperature of gases handled by the ID fan
sonetimes makes it necessary to use water cool ed bearings to
prevent overheating. Inlet danper controls or variable speed
drives are used to control ID fan capacity.

3.6.5 Stacks, Flues, and Ducts. Stacks or chi meys are
necessary to discharge the products of conbustion at a
sufficiently high elevation to prevent nuisance due to | ow flying
snoke, soot, and ash. A certain anount of draft is also required
to conduct flue gases through the furnace, boiler, tubes,

econom zers, air heaters, and dust collectors, and the stack can
help to produce part of this draft. The height of the stack
necessary to neet the first requirenent is often enough to al so
produce the draft necessary to neet the second requirenent. The
anount of draft available froma stack depends on the hei ght and
di aneter of the stack, the amount of flue gas flow ng through it,
the el evati on above sea |l evel, and the difference between
tenperature of the outside air and average tenperature of gases

i nside the stack. Excessive stack tenperatures are undesirable,
because they represent a heat | oss and efficiency reduction.

3.6.5.1 Stack Construction. Stacks are built of steel plate,
masonry, and reinforced concrete. Caged |adders should be
installed. Stack guys should be kept clear of wal kways and roads
and, where subject to hazardous contact, should be properly
guarded. Stacks are provided with the neans of cl eaning ash,
soot, or water fromtheir base, the neans depending mainly on the
size of the stack

a) Steel. The advantages of steel stacks over masonry
or reinforced concrete are reduced construction tinme, |ower
wei ght, smaller wnd surface, and lower initial cost. WMjor
di sadvant ages are hi gher nai ntenance cost and shorter life.
Steel stacks may be either self-supporting or guyed, single-wall
or doubl e-wall construction, and lined or unlined. Unlined guyed
stacks usually are used on smaller installations. This type of
stack can be supported by the boiler snoke box, the building
structure, or a separate foundation. Two sets of four guy wires
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each are usually used to hold the stack erect. Steel stacks over
72 inches in dianeter are normally self supporting. They are
typically lined with refractory or insulation to protect the
metal fromthe corrosive attack of flue gases and to inprove
performance of the stack by mnimzing cooling of flue gases.
The sel f-supporting stack is usually nmounted on its own
foundation or on the building structure framework. Stub and
venturi stacks are typically of steel construction and usually
extend no nore than 20 feet above the boiler. Wen these stacks
are used they contribute little to the draft requirenents, which
must then be supplied entirely by FD and/or ID fans.

b) Brick. The nodern brick chimey built of special
radial brick or block is very satisfactory, its major
di sadvant age being its higher cost. This type of stack is
normally lined wwth fire brick for about one-fifth of its height
and nust be protected fromlightning.

3.6.5.2 Flues and Ducts. Flues are used to interconnect boiler
outlets, econom zers, air heaters, and stacks. Ducts are used to
i nterconnect forced draft fans, air heaters, and w ndboxes or
conbustion air plenuns. Flues and ducts are usually made of
steel. Expansion joints are provided to allow for expansi on and
contraction. Flues or ducts carrying heated air or gases shoul d
be insulated to mnimze radiation |losses. Qutside insulation is
preferred for its maintainability. Flues and ducts are designed
to be as short as possible, free fromsharp bends or abrupt
changes in cross-sectional area, and of adequate cross-sectional
area to mnimze draft |loss at the design flow rates.

3.6.6 St eam Turbines. The reciprocating steamengine with
its need for oil lubrication and resulting contam nated steam has
been replaced by steamturbines and el ectric notors. Steam

turbi ne-driven boiler plant auxiliaries are generally econon cal
only if exhaust steam can be used for feedwater or other heating
applications. The steamturbine uses a rotating wheel, with
buckets or blades uniformy spaced around its circunference to
transformthe heat energy of steaminto nmechani cal energy or
wor k. Steam expanding through a nozzle, is directed against

t hese buckets and causes the wheel to turn. Various types of
steamturbines differ in the construction and arrangenent of the
nozzl es, steam passages, and buckets. The steamturbine is
essentially a high-speed nachine; it is best used with direct
connection to electric generators, punps and fans, and with
geared connection to | ow speed nmachi nery. The common
noncondensi ng turbine operates at an efficiency of only 20
percent. Only special circunstances, such as the necessity for
oil -free exhaust steam can justify use of a small turbine for
any purposes other than standby or energency. Figure 116 shows a
si ngl e-stage i npul se noncondensi ng steam t ur bi ne.
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3.6.7 Electric Motors. Electric notors can be grouped into

t hree general classes based on power source. These classes are
direct current, single-phase alternating current (AC), and three-
phase AC. Three-phase notors are available in squirrel cage,
synchronous, and wound rotor. The squirrel cage notor has becone
dom nant because of its low cost, high reliability, high
efficiency over a wide |oad range, and high starting torque, and
it is estimated that 90 percent of electric notor energy is
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consuned by three-phase squirrel cage notors. Not all squirre
cage notors performequally, however. Wen the need to replace
or install a new notor exists, nodern higher efficiency and

hi gher power factor designs should be considered. Economc
anal ysis usually justifies the slightly higher initial cost of
hi gh-efficiency notors.

3.6.8 El ectrical Equipnent. Electrical equipnment used in
central plants includes notors, notor starters, controls, circuit
breakers, switchgear, transfornmers, fire protection, |ighting,

conduit, and wring. Operation of these devices involves use of
vol tages that are dangerous to life. Operating personnel nust
observe safety regulations found i n NAVFAC P-1060, El ectri cal
Transm ssion and Distribution Safety Manual .

3.6.9 Vari abl e Speed Drives. Electrical, mechanical, and
fluid variable speed drives are available. Electrical drives
include nmultiple speed notors, variable frequency controls, and
vari abl e voltage controls. Devel opnent of solid state conponents
has all owed the design of variable frequency controls which can
operate at high efficiency over a wide |oad range. Mechani cal
vari abl e speed drives include belts with adjustable pulleys, gear
reducers, and geared transm ssion. Fluid drives include a

vari ety of hydraulic couplings.

3.6.10 Air Conpressors. Three basic types of air conpressors
are available: reciprocating, rotary, and centrifugal. Ar
conpressors may be further classified as oil free or |ubricated.
Air conpressors used in Navy installations are conparatively
small units, with final discharge pressures of approximately 100
psi. They are typically of rotary screw or single- or two-stage
reci procating design. These two types are discussed bel ow.
NAVFAC MO 209, Mai ntenance of Steam Hot Water and Conpressed Air

Distribution Systens nay be referenced for additional information
on conpressed air systens.

3.6.10.1 Reciprocating Conpressors. The reciprocating
conpressor is a piston, positive displacenent machine. Air

vol umes can range up to approxi mately 6,000 cfm Two-stage
conpressors are frequently used, because they require | ess power
to conpress a given quantity of air than do single-stage

machi nes. Cylinders and intercool ers of two-stage machi nes nmay
be cooled by either air or water. The need for shielding or
baffling structures for noise attenuation requires investigation
when reciprocating conpressors are to be used.

3.6.10.2 Rotary Screw Conpressors. Rotary screw conpressors are
al so classified as positive displacenent machi nes. They operate
by passing the inlet air through an inlet valve, and then
conpressing it through the action of two helical screws rotating
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agai nst one another. Air volunmes can range as high as 3,000 cfm
but are nore typically in the 100- to 150-cfmrange. Packaged
units are readily available in sizes up to 500 cfm which

i ncorporate necessary filters, coal escers, and coolers into a
single, factory-designed and assenbled unit. Liquid sealed
rotary screwtype units are available up to about 300 cfm and can
provide oil-free air. This type of conpressor is recommended in
food processing or health care facilities but is not often used
in boiler plants. It is nore common to provide oil-free air to
boil er plants by nmeans of filters and separators in conbination
with one of the conpressor types discussed above.

3.6.10.3 Capacity of Air Conpressors. Total air requirenent
shoul d be based not upon the total of individual nmaximm

requi renents but upon the sum of average air consunption of air-
oper ated devices. Conpressor capacity should be based upon the
cal cul ation procedure explained in NAVFAC MO 209.

3.6.10.4 Aftercoolers. In the process of conpressing air,
approxi mately 80 percent of energy delivered by the electric

nmot or becones heat energy stored in conpressed air at el evated
tenperatures. Aftercoolers are required to cool the air to a
nore usabl e tenperature. An aftercooler is a heat exchanger
which is sized to cool the air below the dew point so as to all ow
water and oil vapors to condense. A noisture separator is
attached to renove condensed vapors. The aftercooler is normally
cooled with water, but it may al so use air as its heat exchanger
medi um

3.6.10.5 Air Dryers. Sone conpressed air applications require
noi sture renoval in addition to that provided by the aftercooler.
Such applications in the boiler plant include pneumatic tools,
operation of pneumatic drives on danpers or valves, and
instrunment air. For these applications, a supplenental dryer is
required. Three basic categories exist: refrigeration dryers,
regenerative dryers, and deliquescent dryers. Regenerative
dryers are the type usually used in boiler plants, and are

di scussed here. Information on the other types may be obtained
from manufacturers or from NAVFAC MO 209. Regenerative dryers
are further broken down into three types: heatless desiccant,
heat regenerative, and | ow tenperature regenerative.

a) Heatless Desiccant Dryers. Heatless desiccant
regeneration passes a quantity of dried (purged) air through the
offstream bed. No external heat is applied. This type should be
selected with a field-adjustable purge control so that the purge
rate (and therefore the pressure dew point) can be adjusted to
accommodat e seasonal variations in anbient tenperature, thereby
reduci ng operating costs. Heatless dryers are capabl e of
provi di ng -150 degrees F pressure dew point. Maintenance costs
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are low, since there are few noving parts. Wth adequate
prefiltering to renove oil, desiccant replacenent requirenments
are m ni mal .

b) Heat Regenerative Dryers. Heat regenerative dryers
utilize heat froman external source (either electric or stean)
in conjunction with purged air to regenerate the offstreamtower.
By reducing the amobunt of purged air required to regenerate, the
heat regenerative dryer operating costs can be outwei ghed by
mai nt enance costs and downti ne.

c) Low Tenperature Regenerative Dryers. Low
tenperature regenerative (heat punp) dryers utilize thermal
energy fromthe inlet air to heat the offstreamtower for
regeneration. No electric heaters or steamare used. This type
of dryer provides the econony of refrigerated drying and the | ow
pressure dew point capability of desiccant drying. Refrigeration
cooling is used to renove nost of the incomng noisture and to
cool the onstreamtower for high adsorption efficiency. This
system saves energy, since the heat energy renoved fromthe inlet
streamis recycled by the refrigeration conpressor and di scharged
to the offstreamtower for regeneration. Stable pressure dew
poi nts down to -100 degrees F are realized wth this type.

3.6.10.6 Air Receivers. Air receivers are steel pressure
vessel s, constructed in accordance with the ASME Boil er and
Pressure Vessel Code, Section VIII, which are sized to danpen
pul sations entering the conpressor discharge line, to serve as a
reservoir for sudden or unusually heavy demands i n excess of
conpressor capacity, to prevent too frequent |oading and

unl oadi ng of the conpressor, and to allow noisture and oil vapor
carryover fromthe aftercooler to precipitate. Drainage val ves
and pi ping, safety valves, and pressure gages nust be installed
i n accordance with the Code.

3.6.11 Steam Traps. Steamtraps are used to discharge
condensate and air but not steamfrom a pipeline or heat
exchanger (refer to NCEL UG 0005, Steam Trap User's Guide). No
single type of trap is ideal for every situation. The four major
types of steamtraps are thernostatic, float and thernostatic,

di sc/t hernmodynam ¢, and inverted bucket. These are discussed
below. Oifice or inpulse traps are also produced but operate by
di schargi ng steam conti nuously and are therefore not recomended.
This waste, as well as the wasting of steam from defective or
damaged traps, represents an energy loss that is not acceptable.
Proper mai ntenance of steamtraps is discussed in Section 5.

3.6.11.1 Thernostatic Steam Traps. Thernostatic traps can be

further subdivided into bal anced-pressure thernostatic traps,

liquid expansion traps, and binetallic traps. Al three subtypes
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wor k by sensing the difference between steamtenperature and
cool er condensate tenperature, utilizing an expandi ng bel |l ows or
bimetal strip to operate a valve head. They usually discharge
condensat e bel ow steam tenperature and therefore require a
collecting leg before the trap to allow for sone condensate
cooling. A balanced pressure thernostatic trap is illustrated in
Figure 117. Thernostatic traps are typically used in | ow and
medi um pressure applications such as steamradiators, submerged
heating coils, and steamtracing |ines.

Figure 117
Thernostatic Steam Trap

3.6.11.2 Float and Thernostatic Steam Traps. Float and
thernostatic steamtraps (Figure 118) are recomrended for use
wher ever possible. Their valve seat is always under water,
preventing any steam |l oss. The discharge is continuous and
nmodul ates with the condensing rate, and it is unaffected by
changes in inlet pressure. A separate thernostatic air vent

i ndependently purges air, giving a fast start-up, and discharges
in parallel with the main valve seat wthout affecting its
operation. Typical applications of float and thernostatic traps
are air unit heaters, hot water heaters, heat exchangers, and
converters.
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Figure 118
Fl oat and Thernostatic
St eam Tr ap

3.6.11.3 Disc/ Thernodynam ¢ Steam Traps. D sc/thernodynam c
traps (Figure 119) are wdely used due to their small size, wde
pressure range, one noving part, and resistance to water hamrer
and corrosion. Because operation of each nodel depends on the
manuf acturers seat and disc design, results may w dely vary.
Many are prone to air binding on start-up, operate bel ow steam
tenperature (causing water |ogging), have a relatively short life
due to soft seat and disc materials, and contain a bleed slot

whi ch causes rapid cycling and steam|oss. Properly designed

di sc/thernodynam c traps can overcone these problens and al |l ow
effective and efficient operation. They are typically used on
hi gh pressure or superheated steamdrip | egs, steamtrace |lines,
and unit heaters.

3.6.11.4 Inverted Bucket Steam Traps. |Inverted bucket traps
(Figure 120) have been in existence for many years, and their |ow
initial cost hel ps keep them popul ar, although in every
application superior results can be obtained with another type of
trap. They consune a small anmount of steamin operation and can
blow fully open if they |l ose their prine due to oversizing or a
rapid drop in inlet pressure. Their discharge is intermttent,
not continuous. Typical applications include high pressure

i ndoor steam main drips and subnerged heating coils.
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Figure 119

Di sc/ Ther nodynam ¢ St eam Tr ap
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Figure 120
| nverted Bucket Steam Trap

3.6.12 Pi ping Systens. Piping (and tubing) systens are used
in the central boiler plant to transport a wi de variety of
fluids, including, anong others: water, steam oil, natural gas,
and conpressed air. The follow ng section is intended to provide
a brief overview of sone of the conponents and consi derations
that are involved in piping and tubing systens. The word

"pi ping"” in this handbook can generally be assuned to nean both
pi pe and tube. Strictly speaking, however, there is a difference

bet ween pi pe and tube, and this is discussed briefly in
par. 3.6.12.3.

3.6.12.1 Design Codes. Design of boiler plant piping is
general |y governed by design codes and industry standards. The
ASME Boi l er and Pressure Vessel Code, Section I, which was
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discussed in par. 3.2.1 as it applies to boilers and accessori es,
al so covers certain portions of the piping around the boiler.
Much of the balance of the piping in a boiler plant is covered by
the American National Standards Institute (ANSI) B31l.1, Power

Pi ping. Sone additional design codes and their applicability are
given in Table 17. These design codes generally specify
materials that may be used within their scope, how piping sizes
and t hi cknesses nust be determ ned, how pi pe nust be supported,
what types of fittings, joints, and accessories may be used, and
ot her provisions. Although these codes are witten primarily for
t he pi pi ng desi gner or engi neer, a general know edge of their
provisions is useful to the operator as well.

3.6.12.2 Materials. Piping materials are generally specified by
t he design code under which the systemis built. The nbst conmon
piping material in the boiler plant is steel. Steel pipeis
strong, relatively easily worked, and available in a wide variety
of sizes to fit nost applications of pressure, tenperature, and
fluid. Oher piping materials which are used for specific
applications include copper, stainless steel, cast iron, and
plastic. Some common applications of various materials are

i ncluded in Table 18.

3.6.12.3 Sizing. Standard specification of size is the primry
di fference between pipes and tubes. Pipe size is specified by
nom nal pipe size (NPS) and schedule. Tube size is given by
outside dianeter (OD) and wall thickness.

a) Pipe Size. Nomnal pipe size (or NPS) refers to
the dianmeter of the pipe. Nom nal pipe sizes range from1/2 inch
up to at least 30 inches, in standard increnents. The OD for a
given NPS is always the sane, while the inside dianeter varies
dependi ng upon the schedule. Schedule refers to the wall
t hi ckness and is generally listed as Schedul e 40, Schedul e 80,
Schedul e 160, etc. Earlier practice, which is still used on
occasion, was to refer to schedul es by designations such as
Standard (STD), Extra Strong (XS), or Double Extra Strong (XXS)
Di mensi ons and tol erances corresponding to nom nal sizes and
schedul es are established by ANSI standards. There is no easy
way, other than referring to a chart, to determ ne the actua
di rensi ons of a given nom nal pipe size. For instance, 1-inch
NPS, Schedul e 80 pi pe has an outside dianmeter of 1.315 inches, a
wal | thickness of 0.179 inches, and an inside dianmeter of 0.957
i nch.
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Tabl e 17
Pi pi ng Codes and Standards for Boiler Plants
Sponsori ng e . .
Agency Identification Title Cover age
ASVE Section | Power Boilers Rul es for construction of power
boilers
Section |V Heati ng Boil ers Requi rements for heating boilers
Section VI Care of Heating Recomrended rul es for the care and
Boi |l ers operation of heating boilers
Section VII Care of Power Reconmmended rules for the care of
Boi |l ers power boilers
Section VIII Pressure Vessel s Rul es for construction of pressure
vessel s
Section | X Wl di ng Wel di ng procedures and qualifications
Qualifications
ASME 4.1 Power Test Codes St eam generation units
ANSI B31.1 Power Pi pi ng Al'l boiler plant piping beyond the
jurisdiction of ASME BPV I
B36 Series Iron and Steel Pipe |Materials and di mensions
B16 Series Pi pe, Fl anges, and Materials, dinmensions, stresses, and
Fittings pressure/tenperature ratings
B18 Series Bolts and Nuts Bol t ed connections
ASTM Testing Materials Physi cal properties of materials
specified in ASME and ANSI codes
NEMA TU4 and SM20 St eam Tur bi nes Al |l owabl e reactions and novenents on
t ur bi nes from pi pi ng
NFPA 30 Conbusti on Li quids Fl ammabl e and conbustible |iquids
Code code
31 G | Burning Standards for the installation of oi
Equi prrent burni ng equi prent
8501 Fuel Gl and Standards for prevention of furnace
Nat ural Gas explosions in fuel oil and natura
gas fired single burner boiler
furnaces
85B
Nat ural Gas Standards for prevention of furnace
Mul ti pl e Burners expl osions in natural gas fired
mul tiple burner boiler furnaces
85D
Fuel O Miltiple Standards for prevention of furnace
Bur ner s explosions in full oil fired multiple
burner boiler furnaces
85E
Pul veri zed Coal Standards for prevention of furnace
expl osions in pulverized coal fired
mul tiple burner boiler furnaces
8503

Pul veri zed Fue

Standards for the installation and
operation of pulverized fuel systens
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Table 18
Typi cal Piping Material Applications
Mat eri al Typi cal Applications Typi cal Joi nts*
Car bon H gh pressure steam water, |Screwed, socket- or
St eel fuel oil, conpressed air, butt-wel ded, fl anged

and natural gas. Al nobst any
fluid, wth the exception of
certain corrosive types, up
to about 750 degrees F

Low All oy |Superheated steam up to Vel ded
St eel 1,000 degrees F
Stainl ess |Chem cal and corrosive Socket - or butt-wel ded,
St eel applications**, steam above |[flanged; tubing may use
1,000 degrees F, instrunment |[flared or conpression
t ubi ng fittings

Cast Iron |[Floor and roof drains; water |Bell and spigot,
supply, sanitary piping; |ow|mechanical groove-| ock
pressure and tenperature joints

appl i cations

Copper Pl unbi ng, potable water; Sol dered, flared, or
i nstrunment tubing conpression fittings
Pl astic Sanitary drains, nonpotable [Solvent wel ded

(PVC, ABS) |water; m scellaneous | ow
pressure applications

Sel ection of proper joint nust be based on design code.
** Extrene care must be used in selection of proper alloys
for corrosive service.

b) Tubing Size. Tubing size is specified by OD and
wal | thickness. Although tubing theoretically is available in
al nost any dianeter, ranging froma few hundredths of an inch up
to several feet, in practice, tubing in a boiler plant is limted
to sizes of about 1/8 to 1 inch. Tubing in common use in the
boiler plant is generally either copper or stainless steel. The
maj or exception to this rule is within the boiler itself. Boiler
manuf acturers generally use tubing rather than pipe, and for the
nmost part use carbon or |ow alloy steel.

c) Determnation of Proper Size. Piping systens nust

be sized with regard to a nunber of criteria, including type and
quantity of fluid to be transported, pressure and tenperature
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conditions, allowable velocities, and pressure |loss. These

cal cul ations can becone quite sophisticated and are outside the
scope of this handbook. The pertinent design codes should be
consul ted for guidance.

3.6.12.4 Fittings and Joints. Pipe and tubing may be joined in
a variety of ways, including threading, welding, flanges, a

vari ety of nechanical coupling joints, soldering (for copper and
brass), and solvent welding (for plastics). These nethods are
common, and the type used in a particular application is usually
specified by the design code. 1In steel piping, high pressure
systens such as steam or boiler feedwater commonly use wel ded
joints, as do systens which are |larger than approximately 2 to 3
inches in dianeter. Snmaller dianmeter systens in steel pipe may
be threaded or socket wel ded. Flanges are often used when

pi pi ng nust be di sassenbl ed periodically, for instance to perform
mai nt enance on val ves or other conmponents. Fittings and fl anges
are available in materials and thicknesses to correspond to
pressure and tenperature requirenments of the piping system

3.6.12.5 Pipe Supports. Proper support of piping systens
requi res sophisticated design calculations and is outside the
scope of this handbook. Sonme of the general criteria that nust
be considered in making these cal cul ati ons are di scussed bel ow.

a) Allowable Stress. The design codes for each
application generally provide allowable stress |evels for each
material. These |evels have been determ ned by experience to
have adequate safety margin, and they nust be adhered to.

Al |l owabl e stress for a given material is a function of
tenperature and decreases at hi gher tenperatures.

b) Expansion/Flexibility. As the tenperature of a
pi pe changes, the pipe noves due to expansion and contraction.
Provi si ons nmust be made in the piping support systemto
accommodat e this novenent by providing piping flexibility through
bends, expansion |oops, or expansion joints. The required anmount
of expansi on nust be determ ned by cal culating the stress | evel
in the pipe and ensuring that it is less than the allowable
stress.

c) Anchors and Supports. An alnost infinite variety
of anchors, hangers, and supports nmay be seen in central boiler
plants. A variety of hanger types has been standardi zed by the
Manuf acturers Standardi zati on Society (MSS), and sone of these
are illustrated in Figure 121. Custom desi gned supports using
structural steel shapes and standard hardware are al so common.
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Figure 121
St andard Hanger Types for Piping Systens
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3.6.12.6 Valves. Valves are available in a wde variety of
types, materials, and pressure/tenperature ratings to correspond
to the systemin which they are used and their purpose in that
system Sone types of specialized valves are discussed el sewhere
in the manual (gage cocks, par. 3.2.2; safety valves, par. 3.2.5;
boil er outlet valves, par. 3.2.6; blowff valves, par. 3.2.7;
control valves, par. 3.4.1). Several additional common types are
di scussed below. Specific applications should be discussed with
t he manufacturers representative to ensure the correct body and
internal materials, seat design, packing design and material, and
ot her details.

a) Function. Valves can serve many different
functions in a piping system Broad categories of valve function
i nclude: isolation (on-off), throttling (control), backfl ow
prevention, pressure relief, and regul ation.

b) Gate Valves. The gate valve is the sinplest in
design and operation and is comonly used in boiler plants. Gate
val ves are used where m ni num pressure drop is inportant. They
are enpl oyed where the valve will operate in a wide open or fully
cl osed position and is to be operated infrequently. Gate valves
are not designed for throttling operation, and under prol onged
use in a partially open position damage to the seat or disc may
occur. A solid wedge type of gate valve is illustrated in
Figure 122.

c) dobe valves. The globe valve is used primarily
for throttling or positioning to create a definite pressure drop.
G obe val ves are available in the common partial gl obe and seat
contact type, the snmall needle type, and nunerous variations such
as top-gui ded, post-guided, angle, Y-pattern, fluted, and cage-
gui ded. Because of their inherent ability to exhibit repeatable
fl ow curves, they are the nost comonly used type of valve for
control valve application. d obe valves can also be used in on-
of f service where pressure drop in the fully open position is not
of primary inportance. Normally, globe valves are installed with
the flow under the disc, but in certain cases where it is
desirable to have line pressure assist in maintaining seat

closure, flow may be directed over the disc. In notor- and air-
actuated valves, this flow direction is very inportant in sizing
the actuator. A standard single-port globe valve is illustrated

in Figure 123.
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Solid Wedge Disc Gate
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Figure 123
Si ngl e-Port d obe Val ve

d) Plug Valves. The plug valve is a refinenent of the earliest
known val ve, the spigot. Basically, it is a 90-degree rotation
fromopen to closed position of a tapered inner valve. The
downward thrust of the plug taper exerts a conpression |oad on
the side wall, thus ensuring a continuous circunferential sealing
surface. Like the gate valve, it is used primarily in on-off
service only. The plug valve has the added benefit of bubble-
tight sealing, thus nmaking it ideal for gaseous service. In
addi tion, because of its |arge unobstructed fl ow passage, the
plug valve is ideally suited for slurry service. A typical plug
valve is illustrated in Figure 124.

e) Butterfly Valves. Butterfly valves have been used
in industry for decades, performng well-defined tasks in which
t hey show di stinct advantages over other valve types. Sone
butterfly val ve designs can provi de dependabl e bubbl eti ght
shutoff, and others are ideally suited for throttling or control
applications, having an equal percentage flow characteristic.
Butterfly val ves are qui ck opening and highly efficient, can be
operated manual ly or automatically, and can be used in handling a
variety of nedia, including liquids, solids, slurries, gases, and
vapor (steam). Figure 125 illustrates a typical butterfly valve.
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Figure 124
Nonl ubri cated Plug Val ve
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Figure 125
Butterfly Val ve

f) Check Valves. Check valves are designed for use in a piping
system where protection against the reversal of fluid flowis

desired. During operation, liquid or gas pressure wll nove the
disc off the valve seat and allow fluid to flow through the val ve
Wi th mnimmpressure drop. |If the fluid flow ceases or reverses

direction, the reverse fluid flow and design of the disc assenbly
will force the disc against the seat to prevent fluid back flow.
The disc weight, seat configuration, and internal spring

assi stance (if provided) contribute to the ease with which the

di sc opens or closes and to a leak tight seal when in the cl osed
position. Check valves can be obtained in a wide variety of
styles to fit specific applications. Two of the nore conmon
types (swing check and spring-loaded lift check) are illustrated
in Figure 126A and 126B
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3.6.12.7 Insulation. Insulation is used to reduce heat |o0ss
from hot piping, elimnate condensation, reduce heat gain on cold
pi pi ng, and provi de personnel protection. Insulation types

typically used in central boiler plant piping systens include
fiberglass, mneral wool, and calciumsilicate. Jacketing or
vapor barrier is usually incorporated over insulation to protect
insulation material. Comon jacket materials include alum num
fiberglass cloth, and various other fabrics. Asbestos insulation
is no longer used because of potential health hazards. The Navy
has been renoving and repl aci ng asbestos materials in ol der
plants. Prior to renoving any insulation, be sure that it has
been certified asbestos-free.
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Section 4: OPERATI ON

4.1 I ntroduction. This section discusses operation of

equi pnent that has been described in Section 3. QOperational
recommendations are nmade for steam and hot water boilers with
capacities | ess than 200,000 pounds per hour of steamor |ess
than 250 mllion Btu per hour output. Comments are generally
based upon steam boil ers produci ng saturated steam although in
sone cases, specific differences are noted for hot water boilers.
ASME Boil er and Pressure Vessel Code, Section VI or VII, NFPA 85
series standards, ASME CSD-1, and manufacturers operating and
mai nt enance instructions should be carefully considered in
addition to the following text. Safe and reliable operation is
dependent to a |l arge extent upon the skill and attentiveness of
t he operation and mai nt enance personnel. Operating skil

requi res know edge of fundanentals, famliarity wth equi pnent,
and a suitabl e background of training and experience.

4.2 Prelimnary QOperating Procedures

4.2.1 Pl ant QOperation Considerations. Standard operating
procedures (SOP's) should be prepared and posted in the boiler
room The SOP should clearly indicate the sequence of actions to
be performed for each unusual condition which could create a
hazard operational interruption. Exanples of such unusual
conditions include flame failure, |oss of water, tube failure,
sudden | oss of load, steamline failure, |loss of electric power,
or control malfunction. The exact order in which each valve,
control, and piece of equipnment should be operated for a
particul ar type of failure should be stated in the SOP. Valves
and equi pment should be marked for easy identification. The SOP
may al so be used to describe normal actions necessary to maxi m ze
boil er and plant efficiency.

4.2.1.1 Boiler Plant Operating Logs. Boiler plant operating

| ogs provide a neans of recording data and maintaining a history
of boiler plant performance. Information should be recorded at
specified tinme intervals. This information should include the
follow ng: date, tinme, operating equipnent, relative paraneters
(pressure, tenperature, flow), energy in (fuel), energy out
(steam electricity), water quality, efficiency, equipnment

probl ens, and any work perfornmed on equi pnent. These data should
be conpiled at the end of each nonth and reported on a nonthly

| og.

4.2.2 | nspection. A boiler is subject to danage and nust be
periodically inspected by a qualified inspector to ensure that it
is in safe operating condition. Boilers nust be inspected as
requi red by MO 324, Inspection and Certification of Boilers and
Unfired Pressure Vessels. Details are included in Section 5.
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Daily operation requires the operator to be aware of nornal
operation and to performdaily inspections to ensure that

equi pnent is operating properly and safely. Abnornmal operation
shoul d be | ogged and report ed.

4.2.3 Appl i cabl e Codes. The follow ng codes provide rules
and practical guidance for the safe and effective operation of
boil ers and boil er accessories:

a) ASME Boiler and Pressure Vessel Code, Section VI,
Reconmended Rules for Care and Operation of Heating Boilers.

b) ASME Boiler and Pressure Vessel Code, Section VII,
Recomrended Rul es for Care of Power Boil ers.

c) NFPA National Fire Codes, NFPA 8501.
d) NFPA National Fire Codes, NFPA 8502.

e) NFPA National Fire Codes, NFPA 8503, Standard for
Pul veri zed Fuel Systens.

f) ASME CSD- 1.

4.2.4 Preparation for Start-up. Specific plant SOP's shoul d
be prepared and followed in preparing for boiler start-up. In
general, before lighting fire in a boiler the follow ng steps
shoul d be taken.

4.2.4.1 I nstrunentation. Check instrunentation. |[|f possible,
operate control devices to prove operation, freedom of novenent,
and function of imt switches. Check that the boiler pressure
gage cock is open.

4.2.4.2 I nternal |nspection. Check that personnel and tools
have been renoved fromthe boiler. |Inspect furnace walls, boiler
tubes, and flues to confirmthat they have been cleared of slag,
soot, and deposits which could act as insulation, thus reducing
heat transfer and boiler efficiency. Slag, soot, and ash should
be renoved as discussed in pars. 4.3.5 and 4.3.6. Check that
doors and openi ngs are cl osed.

4.2.4.3 Conmbusti on Equi pnent. |nspect and test operation of
conmbustion equi pnent without lighting a fire. Careful inspection
of a stoker or burner and their accessories helps to prevent
forced outages.

4.2.4.4 Fuel Supply. Check the fuel storage systemto ensure
that there is enough fuel to neet boiler requirenents. For solid
fuels, check the fuel level in the hopper, as well as its size
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and noi sture content. For oil, neasure the quantity of fuel oi
by stick or gage. Ensure that valves are properly aligned, and
t hat necessary punps and regul ati ng valves are in operation.
Check that fuel oil is available at the required pressure and
tenperature. |If atomzing air or steamis required, confirmits
availability. For gas fuel, check for correct gas pressure and
val ve positions, and for any signs of gas |eakage from piping or
val ves.

4.2.4.5 Wat er Supply. Ensure that an adequate supply of
treated feedwater is available at the proper tenperature. Check
the |l evel and tenperature of water storage tanks or deaerator.
Check val ve alignnments and boiler feedwater punp availability.

4.2.4.6 Wat er Colum and Gage d ass. Check operation and cl ose
bl owof f val ves, water columm, gage glass drains, and gage cocks.
Ensure that the gage glass is clean and well lighted. Open the
drum vent and drain val ve between header and nonreturn val ves.
Open feedwater valves and admt water to the boiler slowy until
the water level is just above the | owest safe level. Blow down
the water columm and operate the cock as a further check of water
| evel and to ensure that these appliances are in good working
condition. |If provided, check the operability of the |ow water
fuel cutoff. On forced circulation hot water boilers, start the
circulating punp and, if a proof of water flow switch is

provi ded, prove switch operating by shutting off and then
restarting the punp.

4.2.4.7 Boiler Safety Control. Cean the flanme scanner |ens
when provided. Check Ilimt swtches to prove operation.

4.2.4.8 Furnace Purge. The furnace, boiler bank, econom zer,
air heater, ducts, and pollution equi pnent nust be adequately
purged before starting a fire.

CAUTI ON:  Many di sastrous expl osions are caused by
failure to vent the furnace and setting conpletely before
attenpting to start a fire. Explosive mxtures of air and gases
may accumnul ate and ignite if a fire is started without first
venting the furnace and setting. To avoid this danger, open the
stack danper and operate necessary fans and danpers to purge the
furnace and attached equi pnent.

The purge air should be at a sufficient rate to provide
adequate velocity to clear dead spots or inactive pockets and
sweep the entire unit. Purge airflowrates of 25 to 75 percent
and purge tine of 3 to 5 mnutes, or eight air changes are
consi dered adequate. A boiler nmust also be purged after an
accidental loss of ignition.
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4.2.5 Starting Fire. After conpleting the preparatory steps
outlined above, conbustion equi pnent nay be started.

Manuf acturers' recomrendati ons for equi pnment start-up should be
reviewed and carefully followed for each type of equipnent and
fuel. GCeneral recommendations are provi ded bel ow

4.2.5.1 Hand Firing Coal. Ensure that ashes and clinkers are
renmoved fromgrates. |If lunp coal is available, spread a | ayer 3
to 6 inches thick on grates to prevent fines fromsifting

t hrough. Wen ash content of coal is |ow (under about 7
percent), spread about an inch of ashes on grate before

i ntroducing coal. Spread dry wood, shavings, or live coals from
an adj acent boiler on top of coal. Gasoline, naphtha, or other

hi ghly flammabl e |iquids shoul d never be used as kindling.

Partly open the stack danper and ash-pit doors to induce airflow
t hrough the furnace. Light the kindling, |leaving the fire door
partly open to admt air over the fire and reduce snoke. After
the fire is started, regul ate the danper and ash-pit doors to

mai ntain a draft and accel erate conbustion. Supply additional
coal as required and control the rate of conbustion by regulating
ai rflow through the fuel bed.

4.2.5.2 Stoker Firing Coal. To start a fire on a mechani cal

st oker, supply coal to the furnace by operating the feed
mechani sm or shoveling coal into the furnace. Place enough coa
into the furnace to cover the tuyeres of an underfeed stoker to a
depth of about 6 inches, or the grates of a spreader stoker to
about 2 inches. Place wood, shavings, or kindling on top of the
coal, and open the stack danper or operate the induced draft fan.
Maintain a slightly negative furnace pressure to renove products
of conbustion. Light shavings and regulate the draft as required
to keep the fire burning. In sone plants, fires may al so be
started with live coals from another furnace. As soon as the
coal burns freely, operate the FD fan and regulate airflow to the
furnace with the blast gate or danper to control the rate of
conmbustion. |If the boiler heats up too rapidly, operate fans at

| ower ratings or stop themfor a short time. Do not add nore
coal to the furnace until the fire burns freely. \When neither
steam nor electric power is available to operate the fan and
stoker, feed the coal by hand and use natural draft until steam
pressure is high enough to operate the auxiliary equi pnment.

4.2.5.3 Pul veri zed Coal Firing. When firing pulverized coal,
foll ow the procedures outlined in NFPA 8502 and NFPA 8503, and
refer to the plant's specific SOP.

4.2.5.4 Ol Firing. Q1 firing procedures vary with the type
of burner, controls, and fuel oil. Sone plants use No. 2 fuel

oil with pressure or steam atom zi ng burners, automatic controls,
and electric spark ignition. Mny installations use No. 4, 5, or
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6 fuel oils with either air, sem automatic, or automatic ignition

procedures. In every procedure an inportant step is the
purging of the boiler furnace. |If ignition is delayed,
i mredi ately determ ne the cause and correct the problens.

a) Preheating the Fuel G1I. Heavy oils (Nos. 5 and 6,
and sonetines 4) require heating to reduce the oil viscosity to a
poi nt where punping is practical. Additional heating may al so be

required to optim ze atom zation. Punp and burner manufacturer

vi scosity recommendati ons should be followed. Steamor electric
tank heaters are used to heat oil to a tenperature of 90 to 110
degrees F, with oil preheaters supplying additional heat as
needed. To determ ne the anount of preheat tenperature necessary
for a given oil, consult the burner manufacturer for an initial
recommendation. Experinentation is often necessary to determ ne
the tenperature that works best for the particular installation.
One hundred to 300 Saybolt seconds universal (SSU) viscosity is
usually desirable for Nos. 5 and 6 fuel oils. No. 4 may al so
need sone preheating depending on the type of atom zer/burner and
the particular oil. No. 2 oil rarely needs preheating, but
outside storage in cold climates may necessitate preheating to
roomtenperature.

b) Lighting Burners. Before lighting off a burner,
al ways check for proper oil pressure, tenperature, and atom zi ng
air or steampressure. Purge the unit and establish airflow
suitable for light-off.

Gas igniters or pilots are usually used to |ight off
light oil burners. These igniters typically use an electric
spark to ignite the gas. |If the igniter flame is seen by the
fl ame scanner within a 10-second trial for ignition, the oi
safety shut-off valve is opened, either manually or
automatically. The oil control valve should be at its lowfire
position and is often interlocked in this position. Fifteen
seconds after the oil shutoff vale is opened, the igniter is shut
off. If the flame scanner still sees flane, the burner wll
continue to operate. If no main flame is seen at this tinme, the
shutof f valve is closed. The boiler should be repurged before a
second trial for ignition is made. Loss of main flanme or other
safety interlock limts as shown on Figures 51 and 52 will result
in the safety shutdown of a burner

4.2.5.5 Gas Firing. The ignition of a gas burner is always
acconplished wth the use of a gas igniter, flane scanner, and

fl ame safeguard control. Purging the boiler is required before a
trial for ignition. Proper gas pressure should be available to
both the igniter and main burner, and the gas control valve
should be inits lowfire position. The sem automatic or
automatic light-off sequence is identical to that for oil burners
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except the trial for ignition of main flame is only 10 seconds.
Loss of flane or boiler and burner Iimts shown on Figure 52 or
Figure 53 will result in the shutdown of a burner. The boiler
furnace nust be repurged before a newtrial for ignition my be
at t enpt ed.

4.2.6 WarmUp Tinme. The tine required to bring a boiler up
to line pressure or tenperature is dependent on many things,
including the size and type of boiler, its operating pressure or
tenperature, the conmbustion equi pnment, and whether or not it is
equi pped with a superheater. Mnufacturer's detailed
instructions should be followed to mnimze thernmal stresses as

the boiler heats up and expands. In general, boilers out of
service |l ong enough to cool down to roomtenperature require 1/2
to 2-1/2 hours to reach line pressure. |If a new boiler or one

Wth extensive repairs to the furnace or setting is being placed
in service, sufficient tinme nust be allowed for brickwork to dry
out. Operate the boiler on low fire for several days before it
is actually placed into service. |If the boiler is equipped with
a superheater, take extra precautions to prevent it from
overheating by firing at a lowrate during the warmup peri od,
and by allowing a small anpbunt of steamto flow through the
superheater. Leave the outlet drain fromthe superheater open so
that sonme steam fl ows through the tubes as pressure builds up.
This steamw || help to cool the superheater netal, and prevent
t ube damage.

4.2. 7 Placing a H gh Pressure Steam Boiler in Service. Wen
water in the drumbegins to boil, steamis discharged fromthe
drum vent. \Wen boiler pressure reaches about 25 psig, air wll
have been renoved, and the vent should be closed. |If the boiler
does not have a vent, use the gage cocks to allow air to escape.
Carefully observe the fire while the pressure is increased, and
mai ntain mnimum stable firing conditions. |If the firing rate is
too high on nmultiple burner boilers, shut off sone of the
burners. Rotate operation of burners to pronote uniform heating.
If the firing rate is too high on a stoker-fired boiler, shut off
the FD fan for a period and operate on natural or ID only.

4.2.7.1 Control of Water Level. (Observe water |evel frequently
during the warmup period. Increasing tenperature and the
formati on of steam causes the boiler water to expand. To avoid
hi gh water levels, start the boiler with the water |evel just
above the | owest safe level. |If necessary, open the bl owdown

val ves and renove water to prevent high |evel conditions.

4.2.7.2 Checking Safety Valves. Safety valves should be tested
periodically by hand lifting them Do this when steam pressure
in the boiler is at |east 75 percent of the set pressure of the
| onest safety valve. Care should be taken to hold the val ve open
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wi de and rel ease the hand | ever briskly, so that the val ve cl oses
with a snap. At intervals, as required by the Authorized

| nspector, safety valves nust be tested by raising the boiler
pressure to the set pressure of the safety valve to ensure that
it pops and reseats correctly. Wien a safety valve fails to
operate, do not attenpt to free it by striking the body or other
parts of the valve. |If a safety valve leaks or fails to operate
properly, renove the boiler fromservice imediately and repair
or replace the valve. Checking of safety valves by raising
pressure on the boiler nmust be under direct supervision of a
desi gnated, qualified enpl oyee.

4.2.7.3 Oper ati on of Header Valves. Wen placing a boiler into
service, care nust be taken to avoid water hanmrer and expansion
stresses associated with large tenperature differentials. Wen
other boilers on a header are already operating, the steamline
fromthe boiler being started nmust be brought up to tenperature
by operating the bypass and drain valves to create a fl ow of
steam fromthe header. Wien the line is up to tenperature and
pressure, the header gate val ve may be opened w de and the bypass
cl osed. The nonreturn valve should be opened to a 25 percent
position until the boiler starts to supply steamto the header,
after which it may be fully opened. |In the absence of a
nonreturn valve, the boiler stop valve should be opened slowy
when pressure in the boiler and header are approxi mately equal.

If a boiler is being put into service on a header which is not
under pressure, it is desirable to warmup both the boiler and
steamnl i ne/ header together. |In this case, open both the stop and
nonreturn val ves and nmake sure the steam header drain valves are
open to renpbve any condensate forned.

4.2.7.4 Activate Controls. Wen the boiler is producing steam
and is properly connected to the header, place the feedwater and
conbustion controls into automati c operation in accordance with
t he manufacturer’'s recommendati ons and instructions.

4.2.8 Placing a Hot Water Boiler in Service. The follow ng
general procedures should be followed for placing a single LTW
MW or HTWboiler into service. Procedures are also included

for placing additional boilers into service on nultiple boiler

install ations.

4.2.8.1 Procedure for a Single Boiler. Wen starting a boiler
after lay up, proceed as foll ows:

a) Review manufacturer's recomendations for start-up
of burner and boiler.

b) Fill boiler and systemy vent air at high point in
system
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c) Check altitude gage and expansion tank to ensure
systemis properly filled.
d) Set control switch in "OFF" position

e) Make sure fresh air to boiler roomis unobstructed
and manual danpers are open.

f) Check availability of fuel
g) Vent conbustion chanber to renove unburned gases.
h) dean glass on flame scanner, if provided.

i) (Qbserve proper functioning of water pressure
regul ator and turn circul ator punps on electrically.

]) Check tenperature control (s) for proper setting.

k) Check manual reset button on | ow water fuel cutoff
and high Iimt tenperature control

) Set manual fuel oil supply or manual gas valve in
"OPEN' position.

m Place circuit breaker or fuse disconnect in "ON'
posi ti on.

n) Place boiler energency swtches in "ON' position

o) Place boiler control starting swtch in "ON' or
"START" position. (Do not stand in front of boiler doors or
breechi ng.)

p) Do not |eave boiler unattended until it reaches the
establ i shed cutout point to ensure that controls shut off the
bur ner.

gq) During tenperature and pressure buil d-up period,
wal k around the boiler frequently to observe that associ ated
equi prent and piping is functioning properly. Visually check
burner for proper conbustion.

r) Imrediately after burner shuts off, inspect water
pressure and open the highest vent to determ ne that systemis
conpletely full of water.

s) Enter in |og book:

(1) Date and tine of start-up.
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(2) Any irregularities observed and corrective
action taken.

(3) Tine when controls shut off burner at
established tenperature, tests perfornmed etc.

(4) Signature of operator.

t) Check safety relief valve for evidence of | eaking.
Performtry |lever test.

4.2.8.2 Action in Case of Abnormal Conditions. |f any abnorma
condi tions occur during light off or tenperature build-up,
i mredi ately open energency switch. Do not attenpt to restart the
unit until difficulties have been identified and corrected.

4.2.8.3 Placing Additional Boilers into Service. Wen placing
a boiler on the ine with other boilers which are already in
service, start the boiler using the above procedures, but have
its supply and return stop valves closed. Bring the second
boiler to the sane tenperature as the operating boiler and

partially open the supply valve(s). If there is no unusual
di stur bance, such as noise, vibration, etc., continue to open the
valve slowy until it is fully open. Open the valve in the

return |ine.

Caution: \When the stop valve at the boiler outlet is
cl osed, the stop valve in the return line of that boiler nust
al so be cl osed.

4.3 Operating Adj ustnents and Procedures

4.3.1 Boil er Operation. Basic boiler operation consists of
supplying fuel to generate steam (or hot water) as required by
system demand, and supplying air in the correct proportion to

efficiently burn the fuel. The rate of fuel feed used to
mai ntai n steam pressure or water tenperature nmay be controlled
either manually or automatically. In supplying air to the burner

or furnace, both the quantity and its point of application for
opti mum conbusti on nust be considered. Oher facets of boiler
operation include feedwater supply, which nust be introduced in
proportion to quantity of steam di scharged, and operation of
punps, fans, danpers valves, controllers and fuel handling

equi pnrent, all of which are used to maintain proper flow of
materials to and from boiler

4.3.2 Mai nt ai ni ng Pressure or Tenperature. Pressure gages
indicate the difference between pressure inside the boiler and
at nospheric pressure. Pressure on each square inch of interna
surface i s expressed as pounds per square inch gage (psig). For
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steam boilers the pressure gage indicates if the firing rate is
properly adjusted. |If the rate of steamflow froma boiler

i ncreases, the pressure drops because heat is carried away faster
than it is being supplied, and the firing rate nust be increased.
| f steam fl ow decreases, the pressure increases and the firing
rate nust be decreased. For hot water boilers, the tenperature
gage is used to indicate the proper firing rate. |If the boiler
outlet tenperature falls below the set point, the firing rate
needs to be increased. If the outlet tenperature rises above the
set point, the firing rate nust be decreased. |If manual control
is being used, the operator notes changes to pressure or
tenperature and adjusts the fuel and air supply accordingly.

Aut omatic conmbustion controls, as discussed in par. 3.4.2, sense
pressure or tenperature changes and automatical ly adjust fuel and
air supplies. Autonmatic systens relieve the operator of the

t edi ous and conti nuous adjustnment necessary with each change in
demand.

4.3.3 Feedwat er and Boiler Water Treatnent. Feedwater nust
be supplied to the boiler at an acceptable tenperature to avoid
thermal shock and excessive stresses on the boiler pressure
parts. Water nust also be treated to m nimze corrosion and
scale formation in the boiler and the distribution system and
optim ze heat transfer and boiler efficiency. Refer to MO 225.

4.3.4 Controlling Feedwater. Hot water boilers operate with
constant water flow rates and do not require feedwater controls.
Water flow to steam boilers nmust be regulated so that 1 pound of
wat er repl aces each pound of steam generated. The gage gl ass,
try cocks, and other water |level indicators are used as guides in
controlling water flowto a boiler. Visible water |evel is not
al ways a true indication of the anount of water in a boiler
because steam bubbles, as well as water, are contained in the
wat er space and cause the water to swell. |If the steamng rate
decreases, the anount of steam bubbl es decreases, the water
shrinks, and the water |evel drops. The tendency of water |evel
to vary with steaming rate is known as "swell" and "shrink."
Swel | and shrink nmust be taken into consideration in controlling
water flow so that the flow varies properly w th steam out put.
The types of feedwater controls avail able are discussed in par.
3.4.1. Mst feedwater controls on small boilers are of the
singl e-el enent type, and sense only water level. Although they
do a very good job on nost boilers, they cannot conpensate for
swel |l and shrink. Were swell and shrink becone a problem two-
and three-el enent feedwater controls are avail able to provide

i nproved control.

4.3.5 Boi | er Accessories. QOperating procedures for water
col ums, gage gl asses, safety valves, blowff |ines, and soot
bl owers are outlined bel ow
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4.3.5.1 Water Columm and Gage G ass. If water level is too

|l ow, the boiler may be severely danaged by overheating. If water
Il evel is too high, water may be carried out with steam resulting
in damage to engi nes and turbines and causi ng deposits to formin
pi pi ng, val ves, and other equi pnent. A gage glass, try cocks,

hi gh- and | ow1|evel alarnms, and various other indicating and
recordi ng devices are used as guides in maintaining proper water

| evel. The gage glass and try cocks are the nost reliable and
shoul d be used as the final check when the various devices

di sagr ee.

a) Renoving Sedinent. Sedinent collects in the water
colum and, in tinme, wll obstruct the connection so the gage

glass and try cocks do not show correct level. To ensure correct
i ndi cation, the water colum and gage gl ass nust be bl own down
regularly. Once per shift is the recomrended interval. Lines

fromthe boiler drumto indicating and recording devices should
be bl owmn down daily.

b) Leaks. Pronptly repair |eaks in pipes, valves, or
gage gl asses to avoid false water |evel indication.

c) Valves. Gage gl asses have valves at both top and
bottom Hand-operated val ves are usually supplied with chain
operators so that if the glass breaks, the operator can cl ose
val ves and avoi d danger of burns from escapi ng steam and hot
wat er. Some gage gl ass valves are autonmatically closed by the
rush of steamand water if the glass breaks. Determ ne the type
of val ves enpl oyed on gage gl asses and deci de in advance what to
do in case of breakage.

d) Replacenent of Gage 3 ass. To replace a broken
gage gl ass, renove packing nuts, packing, and broken pieces of
glass. Insert new glass and packing. Tighten packing nuts
carefully. Turn on upper steamvalve first to heat the new gl ass
uniformy. Goggles and wire nesh or canvas screen should be
provi ded when first putting pressure on gage gl ass.

e) Valves in Water Columm Line. |If valves are
supplied in the lines fromthe drumto the water columm, they
nmust be seal ed or | ocked open.

4.3.5.2 Safety Valves. Safety valves are designed to remain

cl osed under nornmal operating conditions. |If |oad drops and fuel
supply is not readjusted quickly enough, the safety val ve opens
to relieve the increased pressure. Opening of safety val ves
causes di scharge of steamor hot water into the atnosphere and
results in a loss of heat. Although it may be assuned that the
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original safety valves were of sufficient capacity, |arger
capacity may be required when a coal-fired boiler is converted to
oil or gas firing.

a) Adjustnent. Adjustnent and sealing of safety
val ves nust be perforned only by properly trained and authori zed
personnel, such as qualified boiler inspectors and factory
representatives. A safety valve normally requires two
adj ust nents, popping pressure and bl owdown. For boilers
operating at pressures of 250 psig or below, the popping pressure
can be adjusted over a range of 10 percent above or bel ow the
pressure for which the valve is designed, by varying the
conpression of the valve spring. A new spring nust be installed
if the desired adjustnment exceeds 10 percent. Blowdown is varied
by neans of an adjusting ring. The ASME Boiler and Pressure
Vessel Code requires that safety val ves be adjusted to cl ose
after bl ow ng down not nore than 4 percent of the set pressure
but not less than 2 psi. It also requires that the bl owdown be
not |less than 2 percent for pressures between 100 and 300 psig.
Lifting levers are provided to lift the valve manually to check
its action and blow any dirt away fromthe seat. Wen using the
l[ift lever, the boiler pressure should be at |east 75 percent of
the set pressure. Use these levers to test safety valves at 30-
day intervals to ensure that the valve disc does not stick to the
seat. Once a year, a test should be made by actually raising the
boil er pressure to check the valve setting and bl omdown. When
the lifting lever is used, raise the valve disc sufficiently to
ensure that foreign matter is blown fromaround the seat. This
will help to prevent | eakage after the valve is closed.

b) Hydrostatic Test Caution. Testing clanps or gags
are often used to hold the valve discs on their seats during
hydrostatic tests. Wen this is done, ensure that the clanps are
not over tightened, as danage to the valve stemmay occur. Al so
take every precaution to ensure that the clanps are renoved as
soon as the test is conpleted. Never use a test clanp to gag a
val ve that is |eaking.

c) Capacity. The capacity of the safety val ve(s) nust
be sufficient to discharge steam generated by the boiler w thout
allowi ng pressure to rise nore than 6 percent above the maxi mum
al | owabl e working pressure. This capacity nmay be checked by
closing steamoutlets and forcing the fire to the maximum |If
pressure builds up nore than 6 percent, additional valve capacity
is needed. Safety valve capacity for each boiler nmust not be
| ess than the m ni nrum ASME Boil er and Pressure Vessel Code
requi renents. Wen changing fromcoal to oil gas firing, do not
overl ook the increased safety valve requirenents. Capacity
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checks nust be authorized by the Public Wirks Oficer and nade
under the direct supervision of a designated qualified enployee,
an aut horized insurance inspector, or a factory representative.

4.3.5.3 Bl owoff Lines. Boilers are equipped with bl owff |ines
at the lowest point in the water system These lines are
necessary for draining and also to help control concentration of
solids and sludge. This concentration is determ ned by an

anal ysis of the boiler water and should be a routine part of
operating procedure. Blow down a specific quantity of water each
time, usually a few inches as neasured on gage gl ass. Frequency
of bl owdown is based on results of water anal ysis.

a) Blowdown Procedure. Open the quick-opening valve
or cock first. Then open the slow opening valve fully until the
required quantity of water is discharged. Do not open valves too
rapidly, as undue stress or damage to bl owoff piping and
connections may result. Bl owdown when the boiler is banked or
steanming at lowrate is nost effective in renoving sludge and
solids. Bottom bl owoff connections nust be used to renove
sl udge.

b) Continuous Bl owmdown. Surface bl owoff connections
are al so provided on nost steam boil ers and when used on a
continuous basis, are the nost effective and econom cal neans of
controlling dissolved solids. Recovery of sone of the heat from
t he bl omdown water can be acconplished by use of a heat
exchanger. |If continuous bl owdown is used, the bottom bl owdown
val ves should still be used at intervals to prevent themfrom
becom ng stuck or otherw se inoperative, and to renove sl udge.
The quantity and frequency of manual bl omdowns are determ ned by
the degree to which sludge accunulates in nud druns and headers.

4.3.5.4 Soot Blowers. Flue gases carry ash and soot that act
as insulators and, when deposited on boiler heating surfaces,
reduce the rate of heat transfer. The extent of soot deposit
depends upon the fuel burned, conpl eteness of conbustion, and the
rating at which the boiler is operated. Wen coal-fired boilers
are operated at high rating, ash and slag nmay deposit on tubes to
such an extent that gas flowis restricted and draft | oss through
the boiler increases. QIl-fired boilers seldombuild up enough
ash to restrict gas flow, but heat transfer efficiency can be

af fected. Several cleaning nethods are di scussed bel ow.

a) Swinging-Pipe Soot Blower. Fire tube boilers may
be cl eaned while in operation by nmeans of steamjets operated
fromoutside the boiler setting. Steamis applied to the pipe of
a SwW ngi ng-pi pe soot blower with steamjets directed into the
boil er tubes. The soot blower is rotated to direct the jets into
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each tube. After conpleting the blow ng operation, the soot
bl ower is noved to a position where it is protected from heat or
gases. Fire tube boiler tubes should be cleaned daily.

b) Long-Handl ed Brush. Sw ngi ng-pi pe soot blowers for
fire tube boilers are convenient but are not satisfactory when
boil er tubes are long. Soot can be effectively renoved fromthe
tubes of fire tube boilers with a | ong-handl ed brush. The brush
shoul d be just |arge enough to pass through the tubes. Frequency
of cl eani ng depends upon operating conditions. Goggles and
respiratory protection equi pnent shoul d be used when cl eani ng
boi | er tubes.

c) Mechanical Soot Blowers. Many water tube boilers
are supplied wth mechani cal soot blowers. These should be
operated once every 8 hours, or an interval dictated by operating
experience. To operate a soot blow ng system open the piping
systemdrains first, then slowy open the steamvalve to admt
steam Conpletely preheat and drain the piping system before
admtting steamto the soot blower elenents, as a small quantity
of water introduced into a hot soot blower el enment can cause
serious danmage. Drain valves may be throttled but not closed
while the elenents are being operated. Increase the draft in the
boi |l er and furnace during soot blow ng periods to prevent snoke
and to carry away material renoved fromtubes. Soot bl ower
el enents are operated by a handwheel or chain or in sone cases by
an electric notor. As the elenent is rotated, an automatic val ve
opens and admts steam Two rotations of the elenent are usually
sufficient; nore rotations only result in wasted steam Rotate
the element slowy for maxi numeffect. Start the soot bl ow ng
sequence near the furnace and progress toward the boiler outlet.

d) Hand Lancing. |f mechanical soot blowers are not
avai | abl e or cannot be used, hand | ancing nust be enployed. A
practical hand | ance can be nade froma section of 1/2-inch pipe
of suitable length attached to a hose and supplied with 100 psig
air pressure. \Wen using a hand | ance, care nust be exercised to
prevent damage to furnace walls and baffl es.

4.3.6 Coal Firing Procedures. Procedures for firing coal by
hand firing, underfeed stoker, spreader stoker, and traveling
grate stoker follow

4.3.6.1 Hand Firing - Coking. Coking allows tinme for escape of
vol atil e gases before coal is placed directly on the fuel bed.
First, place coal on the dead pl ate where radi ant heat causes the
gases to be distilled off. These gases mx with secondary air
com ng through the danper in the fire door and burn as they pass
over the hot fuel bed. Coked coal is later distributed over the
fuel bed. D sadvantages of this nmethod are that snoke is
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produced and the introduction of air causes ash and burning coke
to mx and create clinkers, wasting both tine and fuel. However,
this nethod of firing may be successfully applied to smal
furnaces operating at |ow rating.

4.3.6.2 Hand Firing - Alternate Method. Satisfactory
conbustion can be obtained by use of an alternate nethod of
firing. A layer of green coal is applied to one side of the
furnace. Heat generated by conbustion on the opposite side
causes volatile gases to be distilled off and accel erates
conbustion. The ash-pit door should be closed during and
imedi ately after firing to reduce snoke. Keep the fire door
open about 1 inch for 1 to 3 mnutes to supply sufficient
secondary air to allow the volatile gases to burn off. Despite
t hese precautions, gases may still be distilled off nore rapidly
than they can be burned due to the |arge surface of green coal
exposed.

4.3.6.3 Hand Firing - Spreader Method. Spreader firing
consists of distributing coal over the entire fire bed. Thin
spots are observed by their bright appearance and additional fuel
shoul d be applied to keep the fuel bed uniformy thick. When
correctly used, this nethod permts operation at high ratings.

Be sure to supply sufficient overfire air, as volatile gases are
qui ckly liberated. Agitation of the fuel bed causes ash to cone
into contact wwth the hot portion of fire, formng clinkers. |If
coal is properly placed, firing proceeds w thout resorting to
agitation of the fuel bed.

4.3.6.4 Cl eani ng Hand-Fired Furnaces. Coarse pieces of ash and
clinkers that do not fall through the grates nust be renoved at
sufficiently short intervals, or the air passages can becone
restricted and the rate of conbustion reduced. One nethod of

cl eaning grates consists of pushing burning coal against the

bridge wall, after which ash and clinkers can be renoved fromthe
front. This nmethod has the advantage of being quick, but does
not renove all ash, as sone always remains at the bridge wall. A

nmore conplete cleaning is acconplished by the "side" nethod,

whi ch consi sts of pushing good coal to one side of the furnace
and exposing ash and clinkers, which are then readily renoved.
Burning coal is then noved to the side which has been cl eaned and
remai ni ng ash and clinkers are renoved. Wen shaking grates are
enpl oyed, a greater percent of ash can be discharged to the ash
pit and the work of cleaning fires is materially reduced.

4.3.6.5 Conbustion Rate Regul ation in Hand-Fired Furnaces.
Rate of conmbustion is controlled by the quantity of air passing
t hrough the fuel bed, while efficiency of conbustion is
controlled by the quantity and distribution of overfire air. To
regul ate the rate of conbustion, change the furnace draft by
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controlling the stack danper. The fuel bed nust be kept light (6
to 8 inches) so that airflowis not retarded. |If holes devel op
in the fuel bed, air will follow the path of |east resistance and
pass through the holes rather than the active portion of fuel.

4.3.6.6 Underfeed Stoker Firing. Underfeed stokers admt coal
fromunderneath the burning fuel bed. Gases distilled fromthe
fuel pass up through the bed to accelerate conbustion. Single
retort underfeed stokers are horizontal, with coal being noved
into the furnace and distributed by nechanical nmotion. Miltiple
retort underfeed stokers are inclined and coal novenent is caused
by nmechani cal notion and force of gravity.

a) Adjusting Feed. Adjust the stoker feeding
mechani sm (screw or ran) so that coal is fed to neet consunption
requirenents. |If the stoker has an off-and-on control, adjust
the fuel and air feed so that the stoker operates nost of the
time. Adjust the coal distributing mechani sm (secondary arn) as
necessary to maintain sufficient coal to fill the retort. |If the
fire burns back, it will damage the stoker. After dunping ashes,
cover the ends of the grate bars adjacent to the dunp grates with
coal. The depth of the fuel bed above the tuyeres of single-
retort stokers varies from8 to 14 inches, and from12 to 24
inches on high-rating nmultiple retort stokers. |If the fuel bed
is too thin, increase coal feed wi thout increasing air until
normal conditions are restored. If the fuel bed is irregular,
adj ust the secondary feeding nechanismor air distributor. Mny
stokers have danpers that vary the supply of air to different
zones. |If a hole appears in the fire, the condition may be
corrected by reducing the airflowto that area. If the fuel bed
is of correct thickness, the rating is changed by varying both
air and fuel supply.

b) Ash Renoval. The procedure for renoving ash
depends on whet her stationary grates, dunping grates, or clinker
grinders are used. 1In all cases, burn coke thoroughly before

dunping refuse into the ash pit. Ar nust be passed through the
coke and ash for sone tinme before discharging. Do not introduce
too nuch air as fuel |osses may result. In cleaning the fires,
do not renove ashes fromthe grate bars, instead, |et them nove
down by stoker action for renoval at the next cleaning.

c) Agitation and dinker Formation. Underfeed stokers
vary in the anount of agitation given the fuel bed. In sone
designs, coal is forced into the furnace and passed over
stationary tuyeres and grate; in others these parts nove and
agitate the burning fuel bed. Stokers that supply agitation are
best suited for burning coals having extrene coking tendencies as
the novenent tends to retard coke formation. Burning coal of |ow
ash fusion tenperature on these stokers causes clinkers when the
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ash is pushed into the high tenperature zone. dinkering is
greatly accel erated when the stoker is operated at high ratings.
Wrk the fire as little as possible to reduce clinker formation,
and renove clinkers that adhere to grates or side walls at once
with the | east possible agitation of the fuel bed.

d) Ar Supply. Underfeed stokers are operated with
relatively thick fuel beds and require a FD fan to supply air.
The w ndbox pressure varies from1l to 7 inches of water. Best
results are usually obtained by operating with a slight draft in
the furnace. Regul ate w ndbox pressure to supply the required
quantity of conbustion air and regulate the ID fan or stack
danper to produce the necessary draft to overcone resistance of
the boiler. This draft regulation is often acconplished
automati cal |l y.

e) Qperation. Lubricate noving parts according to
manufacturer's instructions. Keep sufficient coal in the retort
to prevent fire fromreaching this section of the stoker. Do not
permt ashes to fill the ash pit. Inspect w ndboxes each
operating shift and renove any accunul ation of siftings. Wen
banki ng the boiler, feed sufficient coal and renew the coal
supply as required during | ong banking periods. Mke frequent
i nspections of stoker and brickwork and report unusual conditions
so that repairs can be nade before equi pnent is seriously
damaged.

4.3.6.7 Spreader Stoker Firing. Spreader stokers permt
burning of fine coal particles in suspension and the remai nder of
the coal on grates. This permts faster | oad response and
reduces clinker formation since the fuel bed on the grates is
quite thin. Coal inventory in the furnace lasts only a few

m nutes. Check the thickness of the fuel bed by stopping the
coal feed and noting the rate at which fuel on the grates is
burned. If ashes are ready to dunp after 3 to 5 mnutes, the

t hi ckness of the fuel bed is correct.

a) Adjusting Spreading Mechanism Adjust the
spreadi ng nechani smfor a uniformthickness of fuel over the
grates to optimze mxing of fuel and air. At the same tine,
adjust the rate of fuel and air feed in correct proportions for
efficient conbustion.

b) Effect of Coal Size on Operation. Spreader stokers
are not suitable for burning coal particles larger than 1-1/2
i nches, as they hinder operation of the feeding mechanism The
nost efficient size of coal is 1/4 inch, wth not nore than 40
percent passing through a 1/4-inch screen. Satisfactory results
can be obtained with sizes up to 1-1/2 inches. The fine coal
burns in suspension with larger particles falling to the grates
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where conbustion is conpleted. Too nuch coal overloads the

grates. In passing through bunkers or chutes, coal sonetines
segregates into coarse and fine particles. |If this occurs, the
stoker will burn practically all "fines" at one tinme and al

coarse at another, resulting in variable and inefficient
oper ati on.

c) Ash Renobval. Cean the fires at regular intervals,
usual ly twi ce each operating shift or when ashes are from3 to 6
i nches deep on grates. |If the grates are divided, clean one zone

at a tinme. Shut off the coal flow and wait 3 to 5 mnutes with
the FD fan on for the remaining coal to burn. Do not allowthe
bed to becone too thick or clinkers will form Renove the ash

deposit pronptly fromthe ash pit to prevent fires.

d) Banking Procedures. Allow sonme accumul ati on of ash
on the grates before banking a spreader stoker. Reduce the air
supply and adjust the feeder nechanismto deliver coal to the
front of the stoker to build up the fuel bed in that area.
Maintain a slight draft in the furnace during the tinme the
furnace i s banked.

e) Overfire Draft. The best operating results are
usual |y obtained with an overfire draft from0.03 to 0.07 inch of
water. This reduces air |eakage to a mninmumw t hout causi ng
overheating of furnace walls, doors, or other parts subjected to
heat. Adjust the air supply so that it is just sufficient to
prevent snoking. This should result in approximately 11 to 14
percent carbon dioxide in flue gas. Exam ne the furnace
frequently to ensure that it is not overheated. Low carbon
dioxide and inability to secure proper draft through the boiler
are often due to air |eakage through the boiler setting.

Mai ntain flue gas tenperature at the m nimum | evel consistent
w th good operation. Sone packaged boilers are operated with
positive pressure in the furnace. These boilers should be
operated in accordance with the manufacturer's operating

i nstructions.

f) Operation. Exam ne the w ndbox periodically and
keep it clean. Check the operation of feeding nechanisns to
ensure equal distribution. |If wet coal sticks in the hopper,
push it into the feeder with a rod. Lubricate bearings
frequently in accordance with manufacturer's requirenents.

4.3.6.8 Traveling Gate Stoker Firing. Traveling grate stokers
provi de a neans of burning very fine coal or coal having a | ow
ash fusion tenperature. They are not generally suitable for
burni ng caking or coking coal. Control is obtained by varying
the rate of feed either by changing the thickness of coal feed

ri bbon to the stoker or by changing the rate of grate novenent.
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The nmethod enployed is determned by trial to suit the skill of
the individual operator. Adjustnent of grate speed nust be done
with care. The usual speed varies from2-1/2 to 3-1/2 feet per

m nute. The fuel nmust be conpletely burned before it reaches the
end of the grate to prevent excess carbon loss to the ash pit.
Excessive burning of link ends is an indication that an
appreci abl e anount of burning conbustible is passing over the
refuse end of the stoker. However, if the fuel is burned too far
before the end of the grate, too nmuch air will be admtted

t hrough the uncovered grate and an excessive quantity of heat

will be carried away with the flue gases. This condition can be
determ ned by observation and flue gas anal ysis. Additional

regul ation of the fuel-bed |level is obtained by use of section
air control danpers under the stoker. Use these danpers to
reduce the supply of air to thin sections. Note that if the ash
has a | ow fusion tenperature, excessive agitation of the fuel bed
can result in clinker formation.

a) Air Control. Traveling grate stokers are used with
either natural or FD boilers, wth nodern units being al nost al
FD type. FD is necessary when the use of fine coal increases the
resi stance of the fuel bed or when the grate openings are snal
in size. Geater control and high rates of conbustion are al so
obtained with the use of FD. Operation, in either case, remains
essentially the sane. Draft |oss through the fuel bed varies
fromO0.25 to 0.60 inch of water with natural draft and from1l to
4 inches with FD

b) Draft Control. An overfire draft of 0.03 to 0.07
i nch of water should be nmaintained. This mnimzes air |eakage,
overheating of furnace walls, doors, and other parts exposed to
heat .

c) Storing Coal. Do not segregate coarse and fine
coal in bunkers or hoppers, as this will result in irregular
burni ng and holes in the fuel bed.

d) Adjusting Grate Tension. Adjust tension on the
grate with tension screws at the back sprocket bearing. Adjust
the screws on both sides until chain or grate bars are tight,
then | oosen the screws slightly.

e) Ledge-Plate Cl earance. Many stokers are supplied
with | edge plates on the sides to prevent excessive air |eakage.
Ensure that | edge pl ates have approximately 1/8-inch cl earance.
| f proper clearance is not maintained, excess air |evels increase
and boiler efficiency is reduced.

f) Banking Procedures. To bank fire on a traveling
grate stoker, allowthe fire to burn down, reducing draft as nuch
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as possible. Introduce a bed of coal approximately 1 foot thick.
The stoker should be run ahead at hourly intervals during the
banked period. Frequency of this operation depends upon the rate
of burning. |In starting from bank, break up any coke which has
formed, introduce air, allow the coke to burn, and wait until
furnace walls are heated before resum ng normal operation.

4.3.7 Ql-Firing Procedures. Efficient operation of oil-
fired burners requires careful oil storage, oil preparation, and
bur ner adj ust nent.

4.3.7.1 Sl udge Control. Good bunkering practices greatly
reduce sludge accumulation in storage tanks. However, occasi onal
cleaning is necessary. Wen sludge reaches the level that it may
enter the punp suction line, the tank nust be enptied and the

sl udge renmoved. The nost practical nethod of reducing sludge
formation to a mnimumis controlled bunkering. This consists

basically of extending the fill, suction, and return lines to
within one to two pipe dianeters of the tank bottom Keep the
fill line on the opposite end of the tank fromthe suction and

return lines. This piping arrangenent hel ps to prevent heavy
sl udge deposits by sweeping the bottom of the storage tank.

Sl udge conditions in storage tanks are aggravated by the
fol | ow ng:

a) Return to the tank of overheated oil.

b) Maintaining the oil tenperature too high in the
storage tank, causing separation of the |ight and heavy
fractions.

c) Leakage of ground water into the tank.
d) Storing oil in tanks for excessively |ong periods.

4.3.7.2 Air Leakage. A small air leak in a punp suction |line
can cause a great deal of trouble. Such |eaks can occur around
val ve stens, screwed or flanged fittings, and strainer gaskets.
Test for such | eakage by applying a small quantity of light oil
to the joint or part in question. GOl is drawn into the suction
line if |leakage is present. |If air does get into lines, it
shoul d be rel eased frombleed points. |f bleed points are not
avai |l abl e, check burner operation closely until air is conpletely
cleared. Air comng through the burner may cause fires to go
out. If oil flowis then resuned, explosive ignition can occur
fromthe hot furnace walls. Do not allow oil storage tanks to be
enptied to the |l evel where the suction line may draw air, except
when necessary for annual cleaning.
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4.3.7.3 Ol Strainers. Strainers are provided in oil suction
and distribution piping to protect punps and burner atom zers
from bei ng damaged or cl ogged. These strainers renove
particul ate and sludge fromthe oil. Strai ner baskets shoul d be
checked and cl eaned on a weekly basis, while daily cleaning may
be required for heavy oils.

4.3.7.4 Ol Heating. Wen heating oil in a storage tank or
suction line before transfer to supply punps, do not heat the oi
to a tenperature where vapors are given off, since vapor | ocking
of punps and unpredictabl e burner operation can result. Day
tanks may be effectively used if significant quantities of heated
oil are circulated through a distribution header with only a
portion of that oil used. Wen a punping and heating set is part
of an installation, it is inportant to adjust the pressure
control valve to maintain a constant oil supply pressure and
recirculate oil to the tank ahead of the heaters. Gl
tenperature control can often be inproved by reducing the steam
pressure or water tenperature to the oil heater. This is
particularly inportant if oil flows through the heater are |ess
than the design conditions.

4.3.7.5 O 1 Tenperature at Burner. The best oil tenperature
for atom zation is dependent upon the type of oil and the burner
manuf acturer's recommendati on. The burner manufacturer wll
recomend a viscosity range in which to operate. Typically, a
range of 35 to 150 SSU is recommended for pressure atom zers, 35
to 250 SSU for steamor air atom zers, and 35 to 300 SSU for
rotary atom zers. An atom zer for a LEA burner may require an 80

to 120 SSU range for No. 4, No. 5, or No. 6 oil. Refer to

par. 2.4.1.2, Table 2, and Table 3 for further information.
Figure 127 illustrates typical viscosity limts for various oils
as a function of tenperature. This chart can be used to plot a
viscosity curve for a particular oil. Sem -logarithmc graph
paper nust be used. |If the viscosity at one tenperature is

known, a curve can be plotted by assum ng that the slope of the
line is the sanme as the standard sl opes. An exanple is shown on
Figure 127. However, with the blended oils conmmon today, it is
best to know the viscosity at two different tenperatures and draw
a straight line through those two points. Wen the viscosity-
tenperature curve is known, the proper operating tenperature
range can be read fromthe chart. Maintaining a constant and
stable viscosity to the oil control valve is also inportant if
accurate control of oil flow over the burner control range is to
be mai ntained. Mst control systens do not conpensate for

vi scosity changes, and fuel/air ratio control becones difficult
if viscosity is not held constant.
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Ol Viscosity Versus Tenperature

4.3.7.6 O1l, Atom zing Steam and Conbustion Air at Burner
O1l, atomzing steam (or atom zing air), and conbustion air nust
be supplied to the burner at the pressures recomended by the
manufacturer. QO atom zers using steamor air for atom zation
normally maintain a differential pressure with the pressure of
steam or air being above the oil pressure throughout the firing
range. Atom zing steamlines should be well drained and trapped
to ensure that no water is delivered with the steam Conbustion
air also must be controlled at the pressures and quantities
necessary for conplete and efficient conbustion. The energy in
the oil pressure, atomzing steamor air, and conbustion air are
used to mx fuel and air for efficient conbustion.

4.3.7.7 Burner Adjustnments. Burner adjustnents are necessary
to ensure that the atom zed fuel and conbustion air mx
conpletely and efficiently. The positions of the atom zer,

di ffuser, and register baffles are adjusted to optim ze burner
performance. Sone control systens change the regi ster positions
automatically throughout the firing range to maintain LEA
levels. |If automatic adjustnent is not part of your system and
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boiler | oad varies significantly over the year, optinmm burner
adj ustnent for the | ow and high | oad ranges shoul d be determ ned
and burners and controls adjusted accordingly.

4.3.7.8 Daily Operation. G| burners should be inspected
daily. The atom zer should be renoved and cl eaned i n accordance
with manufacturer's recommendations. For No. 6 oil firing, this
may be a daily procedure, while for No. 2 oil, a weekly cl eaning
is usually sufficient. A visual inspection of the burner flane
and furnace condition should be nade. The flanme should be cl ean,
snokel ess, and steady with a yellow to yel |l ow orange col or.

There should be mninmal or no flanme inpingenent on the furnace
wal I's, no snoke or sparklers in the fire, no slanting or |aziness

inthe flanme, and no brilliant color. [If any of these conditions
exi st, check the excess air levels, oil pressure and tenperature,
water in oil, atomzing steamor air differential pressure,

burner adjustnents, and the atom zer for wear. Take corrective
action or request assistance. Fuel/air ratio control is
di scussed in par. 4.3.9.1

4.3.8 Gas-Firing Procedures. Efficient operation of gas-
fired burners requires proper gas handling and burner adjustnent.

4.3.8.1 Pressure Regulation. Gas is supplied under pressure.

A strainer, pressure regulating valve, and gas neter are commonly
supplied at the inlet of gas service to reduce |ine pressure and
meter the gas. A second gas pressure regulating valve is then
supplied to maintain a constant pressure in the distribution
piping to the burners. Accurate gas pressure regulation is

i nportant for the proper functioning of the gas control valve and
for maintaining the proper fuel/air ratio. Gas distribution
pressure shoul d be checked each shift. A higher than normal gas
pressure reduces the anount of excess air, while a | ower pressure
i ncreases the excess air.

4.3.8.2 Burner Adjustnments. Burner adjustnments are required to
ensure that the gas and conbustion air mx conpletely and
efficiently. Gas burner position (if novable), diffuser

position, and register/baffle positions nust be adjusted to
optim ze burner performance in that specific furnace. Sone
control systens automatically change the register positions

t hroughout the burner firing range to maintain LEA levels. If
automatic adjustnent is not part of your system and boiler | oad
varies significantly over the year, optinmm burner adjustnent for
the | ow and high | oad ranges shoul d be determ ned and burners and
controls adjusted accordingly.

4.3.8.3 Daily Operation. Gas burners should be inspected
daily. A visual inspection of the flanme and furnace conditions
shoul d be nmade. Traditionally, gas flanmes have been blue in
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color with yellowtips. However, nodern burners, designed for
LEA and/or NQ; control, may vary in color from al nost invisible
to lum nescent yellow. The burner flame should be clean and
steady, with m nimal inpingenment on the furnace walls, and no
snoke, flaring, instability, brilliance, shortness, or flashback.
| f any of these conditions exist, check excess air |evels, gas
pressure, burner adjustnments, and furnace pressure. Take
corrective action or request assistance, as required. Fuel/air
ratio control is discussed in par. 4.3.9.1.

4.3.9 Conmbustion Controls. Operate conbustion controls in
the fully autonmatic nbde whenever possible. Review

manuf acturer's operating instructions to fully understand the
operating characteristics of your particular control system

| nspect control drives and |linkages daily for snooth operation
and tight connections.

4.3.9.1 Fuel /Air Ratio Adjustnment. Wen the anount of excess
air observed in flue gas exceeds the anobunt determ ned as proper
for your system the fuel/air ratio should be adjusted. To
determ ne the proper fuel/air ratio, the boiler should be
operated at four different |oads; approximtely 20 percent, 40
percent, 70 percent, and full load. Data should be taken at each
| oad, after adjusting the burner for optinum operation. The data
shoul d i nclude steamflow or Btu output, fuel flow, fuel valve
position, fuel pressure, fuel tenperature, atom zing steamor air
pressure (of oil), overfire air pressure (if coal), Bacharach or
Ri ngl eman snoke density, conbustion air pressure, conbustion
airflowif available, fan danper position(s), furnace pressure,
percent oxygen or carbon dioxide in flue gas, and flue gas
tenperature. At each load, a curve of snoke density versus
percent oxygen or carbon di oxi de should be devel oped. Figure 128
illustrates such a curve. Wen the desired operating positions
are known for the four |oads, the controllers and |inkages should
be adjusted to duplicate the settings. Wen conpromse is
necessary due to control limtations, the system should be
arranged for best control throughout the normal operating range
of the boiler.

4.3.9.2 Standard QOperating Procedures. Sinple biasing of the
fuel/air ratio is often possible to allow the operator to
conpensate for changes in fuel, air, or other operating
characteristics. This involves increasing or decreasing the
anmount of airflow by a fixed anobunt. Biasing of airflow does not
change the basic fuel/air ratio. Figure 129 illustrates fuel/air
rati o biasing. Wen sinple biasing of the fuel/air ratio is
possi bl e, a Standard Operating Procedure should be devel oped to
detail and authorize actions to be taken by the operator. Each
time corrective action is taken, it should be noted in the boiler
| og.
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4.3.10 Boil er Safety Controls. The water columm discussed in

par. 4.3.5.1 is equipped with a |ow water cutout swtch
interlocked to shut down the fuel to the boiler. Historically,
this is the nost inportant boiler safety control. Tube rupture
failure due to |l ow water level is one of the nost common and nost
dangerous types of failure. The water colum nust be bl own down
each shift to inprove operation and ensure that sedi nent does not
prevent normal operation. Hi gh steam pressure or high water
tenperature switches, flame scanner function, and other safety
swi tches as shown in Figures 51, 52, or 53 nust also be tested
periodically. Tests can best be performed during the nornal
start-up shutdown procedures.

4.3.11 Centrifugal Punps. Centrifugal punps are w dely used
in heating plants and require a mninmum of attention. Small,
electrically driven centrifugal punps are started by closing the
motor-starting switch. D scharge valves of |arge punps should be
cl osed before the punp is started to reduce power required for
starting. After the punp has started, slowy open the discharge
val ve. Punps can be safely operated for a few mnutes with the
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di scharge val ve cl osed, but continued operation w thout water
circulation will cause the punp to overheat. Qpen casing vents
to renpve air or gases trapped in the casing. Sone centrifugal
punps are driven at constant speed with output controlled by
throttling a discharge valve either manually or automatically.
When centrifugal boiler feed punps are used, punp control my
consi st of the boiler feedwater control valve. 1In all cases
where automatic regulation is enployed, be sure to prevent the

di scharge valve fromclosing off conpletely, as this would result
in overheating of the punps. Large hot water distribution punps
are often equi pped with variable speed drives to economcally
control water flow Centrifugal punps are built to operate

agai nst a given head or discharge pressure for a specified speed.
If there is stoppage, or if for any reason discharge pressure
beconmes higher than the rated value, the punp will stall and a
no-flow condition will exist. Imrediately investigate and
correct the cause of the increased pressure.

4.3.11.1 Qperating Centrifugal Punps in Parallel. |If
centrifugal punps are operated in parallel, each punp nust have
the sane characteristic, otherwi se the punp with the greatest
head will punp all or nost of the water. This results in
overheating of the |ow | ower head punp. Exercise care in

sel ecting the required nunber of punps to neet |oad conditions.

4.3.11.2 Controlling Leakage. For a punp not using nechani cal
seal, pack the punp shaft with the recommended packing nateri al
to mnimze | eakage. In tightening the packing, be sure to take
it up evenly, but not so tight as to produce excessive friction
and cause over heati ng.

4.3.11.3 Lubrication. |f centrifugal punp bearings are

| ubricated by oil rings, ensure that the oil level is naintained
hi gh enough to conme up to the rings. Check the rings to see that
they are turning. Drain the oil occasionally, flush out the
bearings, and add new oil. Centrifugal punps that have roller
beari ngs packed with grease require infrequent attention. Do not
overgrease the bearings as this may result in overheating. Wen
adding grease to a roller bearing, renove the drain plug or use a
safety fitting to prevent overgreasing. |nspect punps daily for
proper operation and bearing tenperatures.

4.3.12 Direct-Acting Punps. Direct-acting punps (duplex and
si npl ex) may be used where steamof 60 psig or nore is available
and where the exhaust steam may be utilized for heating. These
punps are not econom cal when exhaust is discharged to the

at nosphere. Neglecting | eakage, direct-acting punps deliver a
gi ven amount of water per stroke. The maxi num pressure which a
gi ven punp devel ops depends on the steam pressure supplied, and
it i's necessary to regulate the speed of the punp to control
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output. Regulation is acconplished by controlling the rate of
steamflow to the punp with a hand-operated gl obe valve or a
regul ati ng val ve actuated by punp di scharge pressure. This
control varies the punp speed and thereby maintains constant

di scharge pressure. Sone duplex punps are supplied with cushion
valves to regulate the I ength of stroke; when the punp begins to
short-stroke the cushion valve is opened to conpensate. |If
cushi on val ves are not supplied, the length of stroke is

regul ated by adjusting the valve-gear |lost notion; this

adj ust nrent cannot be made during punp operation.

4.3.12.1 (Qperation. To start a direct-acting steam punp, drain
the steamline and ensure that no water is present. Qpen the
drain cocks on the steamcylinders. Ensure that valves on inlet
and outlet water |lines and exhaust steamlines are open. Admt
steamto the punp and allow the cylinder drain cocks to remain
open until the punp operates. Adjust cylinder lubricators to
feed the required anount of cylinder oil.

4.3.12.2 Lubrication. There are two principal types of

| ubricators: hydrostatic and nechanical. Hydrostatic

| ubricators depend upon pressure created by a colum of water to
force oil into the cylinder against steam pressure. A nmechanica
| ubricator consists of a small plunger punp operated by the

reci procating notion of the punp. Avoid excessive |ubrication so
that oil does not find its way into the boiler by mxing with the
condensat e.

4.3.12.3 Leakage. Leakage of packing and valves results in
decreased capacity of displacenent punps. Valve |eakage is
usual | y acconpani ed by irregul ar operation. Replace the packing
or repair valves as necessary.

4.3.12.4 Steamor Air Binding. Steamor air binding is a conmon
cause for failure of displacement punps to deliver water. When
suction lift is too great or water too hot, flashing takes place
Wi thin the suction pipe and punp cylinder, and steam expands and
contracts as the piston or plunger operates. To correct this
condition, decrease suction lift, or cool the water. |[If air

| eaks into the suction |line past the packing, the cylinder wll
becone filled with air instead of water. Since air is a
conpressi ble gas, its presence prevents the punp from operating.
When the punp has a suction line, ensure that the suction pipe is
absol utely tight.

4.3.13 Injectors. Injectors used in stationary practice are
usual ly of the self-starting autonotive type. To operate, open
the water and steam supply valves. Water is first discharged

t hrough an overflow. \When the injector starts to deliver water,
the overflow valve is autonmatically closed by the vacuum
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produced. Rate of flowis then controlled by nmeans of either
wat er or steam supply valves. Sone of the conmon difficulties
encountered in operation of injectors are:

a) Water too hot.

b) Suction lift too great.

c) Leaks in suction piping.

d) Scale deposits in injector nozzles and body.

e) Wirn nozzles caused by inpurities in water.

f) d ogged foot valve, strainer, or suction piping.

g) Fluctuating steam pressure.
4.3.14 Fans. |In many ol der plants, natural draft created by a
stack was used to nove air through the boiler. The need for nore

positive control and safety resulted in use of FD fans and ID
fans.

4.3.14.1 Lubrication. Sleeve bearings are lubricated by oil
rings. Ol rings are larger in dianmeter than the shaft and dip
into an oil well under the bearing. Rotation of the shaft causes

rings to turn and carry oil to the bearing. It is inportant that
proper oil level in the well be maintained. |If the ring fails to
touch oil, the bearing will not be lubricated. Roller bearings

require less attention than sleeve bearings. Pack roller
bearings with grease every 6 nonths to 1 year, depending on
service. Use manufacturer's recommended grease only and use care
to prevent overgreasing.

4.3.14.2 \Water-Cool ed Bearings. For fans handling high
tenperature air or gases, water-cool ed bearings may be required.
Ensure that cooling water is maintained on the bearings. A
bearing operating tenperature of 130 degrees F or less is

consi dered satisfactory.

4.3.14.3 Regulation. Qutput of a fan can be regul ated either by
changing its speed or by adjusting inlet or outlet danpers.

Danper adjustnment is usually enployed to avoid the expense of
suppl ying a vari abl e-speed drive for the fan. Danpers nay be
manual |y or automatically controlled. |In either case, neans are
provided to regulate airflow to neet systemrequirenents.

4.3.14.4 Common Difficulties. Sone common difficulties
encountered in fan operation are:
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a) Vibration caused by unbal anced rotor.

b) Msalignnent resulting in vibration, overheating of
beari ngs, and wear of couplings.

c) Incorrect or insufficient lubrication resulting in
failure or overheating of bearings.

d) Inproper regulation due to fouled or worn control
vanes, danpers, and control nechani sns.

e) Reduced fan efficiency and capacity due to bl ades
fouled wth dust, dirt, or grease.

f) Fan rotor and casing erosion due to handling air or
gases laden with fly ash and ot her abrasive material.

4.3.15 Feedwat er Heating and Treatnent. |In the sinplest of
systens a cl osed feedwater heater nay be used to heat the
feedwater to an acceptable tenperature, usually 180 to 220
degrees F.

4.3.16 Econom zers, Air Heaters, and Pol | ution Contr ol

Equi prent. This equi pnent is | ocated between the boiler outlet
and the stack. Gas pressure and tenperature through this

equi pnent shoul d be closely nonitored, as they are good

i ndi cators of performance, both for individual itenms of equi pnent
and for overall boiler installation. Wen soot blowers or other
cl eani ng devices are provided they should be operated once a
shift or as recommended by the manufacturer. Moving parts such
as danpers, |inkages or air heater drives should be |ubricated as
recommended by the manufacturers. Ash hoppers should be enptied
daily or nore frequently, if required. Care nust be taken to

mai ntai n gas tenperature above the acid dew point (Figure 22) to
mnimze corrosion. Daily inspection is required.

Manuf acturer's shutdown instructions should be incorporated into
t he boil er shutdown procedure. When an econom zer or air heater
will not be operated for nore than 2 days, clean the fire side to
m ni m ze corrosion problens.

4.3.17 Enmer gency Procedure - Abnormal Water Level. Correct
water level is maintained either manually or automatically.
Automatic control is an aid but cannot always replace the
operator for reliability. Low water |level can result in burned
tubes and boiler plates with the possibility of destructive

expl osion. High water |evel causes water to be carried out with
t he steam and causes damage or destruction to engi nes, turbines,
val ves, or piping. Abnormal water |evel (high or |ow) can be
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caused by operator carel essness, failure of a regulator or punps,
br oken pi ping, boiler |eaks, failure of an indicating device, or
failures in the water circul ating system

4.3.17.1 Low Water Level. |If the water level is belowthe

vi si bl e range of the gage glass, shut off fuel flow, purge the
boil er, and shut off fans. Continue to feed water slowy until
normal level is restored. |If there is any possibility that the
boi |l er has been damaged, it should be cool ed and thoroughly

i nspect ed before being put back into service. The underlying
cause of the |Iow water condition should be determ ned and
appropriate corrective action taken before attenpting to resune
normal operation. Water |evel should be controlled manually
until the automatic control is known to be functioning correctly.

4.3.17.2 High Water Level (SteamBoilers). |If water is above
the visible range of the gage glass, shut off feedwater and fuel,
purge the boiler, and shut off conmbustion air. For hand-fired
boilers, snother the fire by covering the grate with green coa
or wet ashes. For stoker-fired boilers, shut down the stoker,
cut off the air supply, and open the furnace doors. |If the water
| evel does not recede into the visible range of the gage gl ass
wWithin 2 mnutes, operate the main bl owndown val ves as required.
The underlying cause of the high water should be determ ned and
appropriate corrective action taken before attenpting to resune
normal operation. Water |evel should be controlled manually
until the automatic control is known to be functioning correctly.

4.3.18 Emergency Procedure - Boiler Tube Failure. |If
relatively cold water is introduced into the enpty drum of a hot
boiler, the drumand tube joints are subjected to severe thernma
strains which may result in cracks or | oosened tubes. Should the
wat er get too low while heat is still applied, serious danage to
tubes and boiler structures may result. Leakage nmay becone so
great that available water is not sufficient to maintain the
required level. |If a feedwater regulator is used, it wll open
wi de when the level drops. This results in a large flow of water
to that boiler and may cause other boilers on the sane header
systemto develop | ow water conditions. The correct renedi al
procedure varies, depending on how rapid the fire can be

ext i ngui shed.

4.3.18.1 Procedure for Gas- or Ql-Fired Boilers. |If the |eak
is so serious that inmmediate renoval of the boiler is necessary,
proceed as follows for gas- or oil-fired boilers:

a) Shut off fuel.
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b) Cdose the steamoutlet valves if only one boiler is
in operation. Do this quickly to prevent a sudden pressure drop
and corresponding tenperature drop. For a multiple boiler
installation when nore than one is in service, the header
pressure and the nonreturn valve will automatically isolate the
di sabl ed boiler fromthe header.

c) Shut off the supply of feedwater to the boiler,
provi ded there is not enough hot refractory to cause overheati ng.
In the case of boilers with refractory furnaces, adjust the
feedwater flow to the maxi mum consistent with the protection of
supply to other operating boilers. Attenpt to maintain a nornma
water |evel until the overheating hazard is past, then shut off
t he feedwater.

d) Mintain mninmmairflow through the boiler setting
to carry away steam di scharged fromthe | eak.

e) After 15 or 20 m nutes, shut down the FD fans.

f). Proceed with the normal nethod of cooling the
boiler. Do not drain the unit until the furnace is cool enough
to enter.

g). Inspect boiler and pressure parts conpletely.
Repair the boiler, as required. Be sure the boiler is
hydrostatically tested and approved by an Authorized | nspector
before returning to service.

4.3.18.2 Procedure for Stoker-Fired Boil ers. For stoker-fired
units, the follow ng procedure is recomended if tube failure
occurs:

a). Shut off the fuel feed and gradually reduce
airflow as the fuel bed decreases. Also, use whatever neans have
been predeterm ned or are available to snother the fire
effectively wi thout danger of expl osion.

b) Cose the steamoutlet val ves.

c) Adjust the feedwater flow to the nmaxi mum
perm ssible and attenpt to maintain normal water |evel. Shut off
the feedwater after the setting has cooled to a point where no
danger of overheating exists.

d) Adjust airflowto mninmmsafe |evel consistent

with preventing water or steamfromflowng into the boiler room
and mnimzing the rate of cooling.
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e) Inspect the boiler conpletely and make the
necessary repairs. Be sure the boiler is hydrostatically tested
and approved by an Authorized I nspector before returning to
servi ce.

4.3.19 Enmer gency Procedure - Fan Failure. The flow of air and
gases through the boiler depends upon the action of the FD and ID
fans. The greatest difficulty occurs when ID fans stop for any
reason. |If the conbustion system continues to operate when the
ID fan fails, snoke, conbustion gases, or fire are discharged
into the boiler room The FD fan and fuel feed should be

i mredi ately stopped when the ID fan trips. Most boilers are

equi pped with safety interlocks that do this automatically.
Safety interlocks are also normally provided to stop the fuel
feed if the FD fan fails. |If such interlocks are not provided,

t he operator nust take these actions manually. |If the ID fans
have tripped for any reason, slowy open danpers in the air and
fl ue gas passages to their w de open position to create as nuch
natural draft as possible to ventilate the setting. Opening the
danpers should be tinmed or controlled to avoid excessive pressure
transients during fan coast-down. Miintain this condition for a
period that will result in not |ess than five volune changes, but
in any case not |less than 15 mnutes. At the end of this period,
close the flow control danpers and immediately start the fan(s).
Gradually increase the airflowto at |east 25 percent of ful

| oad flow and purge the setting for 5 mnutes. These general
recomendati ons shoul d be adhered to unl ess adequate tests on a
specific boiler denmonstrate that different val ues should be used.

4.3.20 Enmer gency Procedure - Electric System Fail ure.
Auxi |l iary equi pnent in sonme plants is equipped wth both steam
and electric drivers. 1In case of the failure of one, the other
can be quickly put into service. |If auxiliary equipnment is
electrically driven and there is no gasoline or steam engi ne
backup, or energency source of auxiliary power, electrical
failure causes a conplete outage. Wile power is being restored,
prepare the boiler equi pnment so that operation may be imedi ately
resunmed when power is available. Prepare and follow a schedul e
for testing operation of standby equi pnent. Sone boilers may be
operated at reduced rating with natural draft. Steamdriven
punps may be used to supply feedwater. If this is possible, sone
of the steam service may be able to be maintained. Arrange a
schedul e so that the | east inportant service is shut off during
an energency. Study the plant and determ ne how, in case of

el ectric power failure, the follow ng services may be conti nued:

a) Water supply to the boilers.

b) Operation of ID fan.
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c) Fuel supply to the furnace.

d) Conbustion air supply.

e) Qperation of automatic controls.

f) Operation of valves and safety devi ces.

4.3.21 Enmergency Procedure - Flanme Failure. GO and gas
burners are provided with flane scanners and safety controls
which will safely shut down a burner within 2 to 4 seconds of
flame failure, and post purge the furnace before shutting off the
fans. Manual systens require that the operator take these
actions. |If fans are operating after a safety shutdown, continue
the operation. Do not imrediately increase the airflow. If the
airflowis above 25 percent of full load flow, it should be
gradual |y decreased to this value for a post-firing purge of at
least 5 mnutes. |If the flowis below 25 percent at the tinme of
t he shutdown, it should be continued at that rate for 5 m nutes,
then increased to the 25 percent level, and held there for an
additional 5 mnutes. Refer to NFPA 85 series or ASME CSD-1, as
applicable, for additional information.

4.3.22 Renoving a Boiler From Service. Wen renoving a boiler
fromservice, care nust be taken to prevent rapid tenperature
changes and resulting thermal stress. This helps to decrease the
possibility of future forced outages and reduces mai ntenance
costs. The procedure for renoval is as foll ows:

a) Reduce the load on the boiler to the m ninmum stable
firing rate.

b) Open the bottom bl ondown connection for a
sufficient tinme to renove sludge fromthe nud drum

c) Wth oil or gas firing, the fuel shutoff valve
shoul d be tripped at the appropriate tinme and nanual val ves at
burners closed imediately. Wth stoker-fired boilers, the
st oker hoppers should be enptied and the fuel bed burned out.

d) The setting and boil er should be cool ed down
wi t hout exceeding the maxinumrate prescribed by the
manufacturer. As a general guide it is advisable to wait until
furnace refractory is black before using higher rates of airflow
for cooling. Exercise care when using the ID fan for cooling.
The I D fan and notor are designed to handl e hot gases, and cool er
gases, if not controlled, can cause the notor to overl oad.
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e) On high pressure steamboilers, after the feedwater
fl ow ceases and the nonreturn val ve has cl osed, close the
feedwat er val ves and main steam stop valve. Run down the stem on
the nonreturn valve to hold the disc on its seat. Were two stop
val ves are used, open the drain between themto ensure that it is
cl ear and bl eeds off any pressure in the line.

f) Wien steam pressure falls bel ow 25 psig, open the
drumvent(s) to prevent formation of a vacuumthat m ght cause
subsequent | eakage of gasketed joints.

g) On hot water boilers, maintain water circulation
until the boiler is sufficiently cooled, then stop circul ation,
close the inlet and outlet water valves, and open a vent valve.

h) The boiler should be inspected and cl eaned in
accordance wth instructions in par. 5.10.2. Procedures for
removi ng | ow pressure steam and | ow tenperature water heating
boilers fromservice can be found in ASME Boil er and Pressure
Vessel Code, Section VI.

4.4 Optim zing Central Plant Efficiency

4.4.1 Optim zi ng Conbustion Efficiency. Wth cost of fuel
continuously increasing, the need to operate central boiler
plants efficiently becones nore inportant all the tine.
Procedures for optim zing operating efficiencies are discussed in
this section. An operator should review the elenentary
conbustion principles and principles of steamand hot water
generation found in Section 2. To optimze boiler efficiency,

t he conbustion efficiency nust first be optimzed. Conbustion
efficiency is a function of the type of fuel burned, flue gas
tenperature, and the anmount of excess air in flue gas. For a

gi ven fuel, the operator nust take action to optim ze conbustion
efficiency by maintaining as low a flue gas tenperature and
excess air level as is possible.

4.4.1.1 Soot Bl owi ng/ Cl eani ng to Reduce Flue Gas Tenper at ures.
Boi l ers equi pped with soot blowers should be operated as needed
to maintain clean heat transfer surfaces. Once a shift is the
recommended interval when oil or coal is being fired, although
experience may dictate a different interval for a particular
unit. Note the flue gas tenperature before and after soot

bl owing. A reduction in tenperature of 35 to 40 degrees F
corresponds to an efficiency inprovenent of 1 percent. See
Tables 5 through 8 for the specific inprovenent at the actual
tenperatures and excess air |levels at which you are operating.
For fire tube boilers not equipped with soot blowers, a record of
flue gas tenperatures at the normal firing rate of the boiler
shoul d be kept. Wen flue gas tenperature exceeds the cl ean
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boiler flue gas tenperature by nore than 70 degrees F, the boiler
shoul d be taken out of service and cleaned. Fire tube boilers
shoul d, as a mninmm be cleaned during the quarterly inspection.

4.4.1.2 Water Side Cleaning. Mintaining the water side of a
boiler is equally as inportant as maintaining the fire side.
Scale on the water side reduces heat transfer just as soot does,
and thereby increases flue gas tenperature and reduces
efficiency. Quarterly inspection and nechani cal cleaning may be
requi red. Chem cal cleaning may be required occasionally. The
operator should know the flue gas tenperature of the boiler at
its normal firing rate and excess air level, with the gas and
wat er side clean. Any mgajor change in tenperature at those
firing conditions indicates a problem typically dirty gas or
wat er side heat transfer surfaces.

4.4.1.3 Setting Leaks. Air |eakage into the boiler system

i ncreases excess air levels and reduces efficiency. Any air
drawn into the boiler through |eaks in the furnace setting,
casing, or flues nust be heated fromroomtenperature to the flue
gas tenperature, using heat that could otherwi se be transferred
to the steam Normal mai ntenance should greatly reduce the
nunber and size of |leaks (refer to par. 5.10.2). The operator
shoul d ensure that doors, ports, and openings into the furnace
are tightly closed. The furnace draft should be maintained at a
slightly negative level of -0.03 to -0.10 inch of water. This
practice helps to mnimze air |eaks. Wen the draft is

i ncreased for soot blowng, take care to return it to its norma
| evel after soot blowing is conplete. The use of a continuous
oxygen anal yzer to traverse the stack or flue can sonetines help
to locate an air | eak by showi ng a higher than normal excess air
| evel .

4.4.1. 4 Baffl es. To obtain maxi num heat absorption, baffles
are often used to help direct the hot gases over the tubes.
Arrangenents vary w dely, depending upon tube arrangenent.
Baffles restrict the flow of gases and affect draft flow required
by the boiler. Defective baffles allow gases to short circuit so
they do not pass over the entire heating surface. Leaking
baffles result in high outlet gas tenperature, and decreased
efficiency. Leaking baffles can usually be distinguished from
foul ed heat transfer surfaces by their effect on draft |oss:

| eaki ng baffles decrease gas |oss, while foul ed surfaces increase
draft loss. Always investigate and report a change in flue gas
tenperature or draft |oss.

4.4.1.5 Fuel /Air Ratio Optim zation. Refer to par. 4.3.9.1
Know t he proper excess air levels for each firing rate. Wen
proper |evels are known, corrective action can be taken if the
fuel/air ratio is out of adjustnent. Sone corrective actions,
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such as returning the oil header pressure or tenperature to the
correct operating point, adjusting the stoker feed, returning the
furnace draft to the operating point, or biasing the fuel/air
ratio may be taken by the operator. |If additional corrective
action is required, note this in the boiler log and informthe
responsi bl e personnel. The optimumfuel/air ratio for a winter

| oad is probably not optinmumfor a sunmer | oad. Determ ne the
optimumratio over the full |oad range of the boiler, and post a
chart where it can be readily accessed by the operators. Table
19 gives recomended oxygen, carbon di oxide, and excess air

| evels at full |oad, 50 percent |oad, and 25 percent |oad for

typi cal equipnent. Boilers will not be able to operate at these
| evel s, but this |level of performance is possible wth nodern,
correctly adjusted equipnent. Plant nodifications to reach these
| evel s may be economically justified based on fuel savings
resulting frominproved conbustion efficiency.

Tabl e 19
Flue Gas Anal ysis at 25 Percent,
50 Percent, and 100 Percent Load
for Natural Gas, No. 2 GQl, No. 6 GQl, and Stoker Coa

Flue Gas (Percent)
Fuel Load Excess
(Percent) o} co, e

Nat ural Gas 25 4.0 9.6 21.1
50 3.0 10.1 15.1
100 2.0 10. 7 9.5
No. 2 O 25 5.0 11.9 29.2
50 4.0 12. 6 22.0
100 2.5 13.8 12. 6
No. 6 Ol 25 5.5 12.2 33.6
50 4.5 13.0 25.8
100 3.0 14. 1 15. 8
St oker Coal 25 7.0 12. 4 48. 5
50 6.0 13.3 38.8
100 5.0 14. 2 30.3

4. 4.2 Optimzing Boiler Efficiency. Boiler efficiency

accounts for the energy loss included in conbustion efficiency
pl us energy | osses associated with heat radiated fromthe boiler
casi ng, heat renoved wth bl owdown, and heat |ost due to

i nconpl ete conbustion. Boiler efficiency is affected by the
stability of the conbustion controls. Boiler efficiency is

al ways | ess than conbustion efficiency.
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4.4.2.1 Reduce Radi ation Losses. |nspect, maintain, and

i nprove boiler, flue, and pipe insulation. Inproved insulation
is often avail abl e and economically justified. Radiation |osses
can be mnimzed by the proper selection of operating and standby
boilers, and the tenperature at which standby boilers are

mai nt ai ned. For sone plants operating wth noncritical |oad, a
standby boil er need not be maintained in hot condition. C ose
the inlet and outl et danpers of any standby boilers. This wll
help to mnimze the natural draft airflow which will cool the
boi |l er.

4.4.2.2 Reduce Bl owdown Losses. Bl owdown is necessary to
control steam boiler water quality and m nim ze scale formation
Reduced scal e formation hel ps to maintain conbustion efficiency
near clean boiler |evels and reduces water side nai ntenance.

Bl ondown is a formof preventive maintenance that should be
carefully controlled. Continuous bl owdown is recomended for
st eam boi |l ers because bl owdown heat exchangers can be used to
recover nmuch of the heat in the bl ondown water by preheating
makeup water. Automatic control of continuous bl omdown is also
recomended to i nprove the accuracy of the bl owdown procedure and
help m nim ze | osses.

4.4.2.3 Reduce Unburned Carbon Losses. Unburned carbon | osses
fromoil- and gas-fired boilers are usually negligible because
the fuels burn easily and excess air |l evels and snoke are easily
controlled. Unburned carbon | osses for stoker-fired boilers,
however, can be significant. Stokers should be carefully
mai nt ai ned and operated to m nimze unburned carbon | osses. Ash
reinjection systens are an inportant part of a spreader stoker
system whi ch nust be maintained in good operative condition.
Overfire air is also very inportant on any stoker systemto
obtain proper m xing of air and conbustion gases. Refer to
operation procedures in par. 4.3.6.

4.4.2. 4 Stabilize Conbustion Controls. The conbustion control
system nust accurately establish the correct fuel/air ratio to
optim ze conbustion efficiency. Conbustion controls are designed
to regulate fuel and airflows to satisfy | oad demand, establish
correct fuel/air ratio, and mnimze the tine spent at
inefficient firing conditions. Conbustion controls are
stabilized by making the proper adjustnents to the proportional
band, integral, and rate settings to best respond to the | oad
conditions. It is comon that the best settings for winter |oad
conditions are not best for sumrer conditions. The assistance of
the control manufacturer may be required to determ ne the best
settings. Settings should be changed only by trained and

aut hori zed personnel .
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4.4.3 Optimzing Central Boiler Plant Efficiency. Overall
plant efficiency is always |less than boiler efficiency. Refer to
par. 2.4.10 for an initial discussion of central boiler plant
efficiency. After individual boiler efficiency is optim zed,
then consideration nust be given to proper boiler selection,
deaerator control, use of steamdriven auxiliaries, building
energy conservation, and nodifications or additions to plant

equi pnent .

4.4.3.1 Boiler Selection. The best use of available boilers is
necessary to optimze plant efficiency. A curve of efficiency
versus | oad shoul d be devel oped for each boil er based upon the
data obtai ned when the fuel/air ratios were devel oped. Figure
130 illustrates such a curve. Wth this information it is
possible to select which boiler or group of boilers is best
suited to operate at a given load. For a steam demand of 30, 000
pph, operation of boilers No. 1 and No. 2 would be nost
economcal. If efficiency of a particular boiler is good over a
very small range, it may be best to baseload that boiler in that
range and allow the other boiler(s) to handle | oad swings. Two
boil ers operating at partial |load nay be nore efficient than one
boil er operating near its design capacity. A SOP should be
devel oped establishing which boilers should operate for a given
| oad.

4.4.3.2 Deaerator Control. Deaerators consune a significant
anount of steamto heat and deaerate feedwater. Sone of the
steamis vented to atnosphere and |ost. The anount vented ranges
from 1/ 10 percent to 1 percent of the plant |oad and is dependent
upon both the original design of the deaerator and vent condenser
and their proper operation. Wth poor operation or design, 5
percent or nore of the plant |oad can be vented through the
deaerator. |If operation alone does not resolve excessive
venting, equipnent nodification or replacenent should be
consi der ed.

4.4.3.3 Steam Driven Auxiliaries. Steamdriven fans and punps
may be useful in providing a plant that can be operated in case
of electric failure. Care nust be taken, however, in utilizing
such drives, because they can have a significant effect on plant
efficiency. The efficiency of a noncondensing steamturbine is
only about 20 percent. Suitable uses for exhaust steam nust,
therefore, be developed if steamturbines are to be used
effectively. Operate steamdrives only when a use for |ow
pressure exhaust steamis avail abl e.
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Fi gure 130
Boi l er Efficiency Versus Load

4.4.3. 4 Pl ant Buil di ng Conservation. Overall plant efficiency
can be inproved by mnimzing the use of plant-generated energy
for building heating. Use waste heat from condensate return,

bl owdown wat er, or boiler radiation whenever possible. Insulate
the building. Mintain building steamtraps and repair water or
steam | eaks i medi ately. Provide vent condensers on condensate
wel | s, deaerators or deaerating heaters, and use the m ni num
steam pressure practical in heat exchangers (refer to

par. 2.2.2.1).

4.4.3.5 Equi prent Mbdi fications or Additions. Existing

equi pnent that does not operate efficiently should be nodified or
replaced if economcally justified. Consider use of econom zers
or air heaters for boilers that normally operate with flue gas

t enper at ures above 500 degrees F, if these boilers operate for
significant periods of the year. Five percent inprovenent in
boiler efficiency is comon and can often economcally justify
the addition of such equipnent. |Inprovenents to external water
treatment may be justified if significant reductions in bl owdown
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be realized. Addition of a bl owdown heat recovery system should
be considered. Also consider use of vent condensers, condensate
heat recovery systens, inproved steam flow and upgraded boiler
conbustion controls. The econom cs of such nodifications shoul d
be carefully reviewed, but it will often be found that the
potential energy savings will quickly pay back the capital

i nvest ment required.

4.4.3.6 Distribution System Effects on Plant Efficiency. |If

|l ess water is returned to the central plant than was supplied in
the formof steamor hot water, plant efficiency is reduced.
Makeup water nust be heated fromits supply tenperature, usually
about 60 degrees F, while condensate return water needs only to
be heated fromits already el evated tenperature of 150 to 180
degrees F. It is inportant to nonitor supply and return flows as
wel | as makeup flow and determ ne if excessive |osses occur.

Note that tenperature conpensation is required for accurate flow
conparison. |If |osses are determ ned to be excessive or other
probl ens devel op, appropriate personnel should be alerted so
repairs to the distribution systemcan be made. Distribution
system | osses should not exceed 5 to 10 percent of supplied flow
in a steamsystemand 1 percent in a hot water system
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Section 5: | NSPECTI ON AND PREVENTI VE NMAI NTENANCE

5.1 Pur pose and Scope. This section is presented to cover
general information and provi de gui dance to those responsible for
mai nt enance of boiler plant equipment. It establishes a system

of mai ntenance assignnents and records sufficiently flexible to
be applicable to nost boiler plant installations. Although this
handbook schedul es nost of the maintenance called for by

manuf acturers, it is not intended to take the place of

manuf acturer's instruction sheets. Each plant nust maintain for
ready reference and use a manufacturer's instruction file on

i nstal |l ed equi prment.

5.1.1 Ref erences. Along with manufacturers' instructions,
ASME Boi l er and Pressure Vessel Code, Sections VI and VII provide
general procedures for care and operation of boilers. NAVFAC

I nstruction 11300. 37, Energy and Utilities Policy, provides Navy
policy for maintenance of plant equipnment, NAVFAC MO 324 provi des
gui delines for inspection and certification of boilers and
unfired pressure vessels, and the National Board of Boiler and
Pressure Vessel Inspectors (NBBI), National Board |Inspection Code

provi des national board inspection codes for construction,
repair, and alterations of boilers.

5.2 Types of Mai ntenance

5.2.1 Br eakdown Mai nt enance. Forced outages for repair or
repl acenent of equipnment parts that have failed in service can
be, and often are, very costly. Through the application of
proper operating procedures and careful inspection, it is
possible to increase the length of time over which a boiler can
be carried on the line before any repairs are required. This, in
turn, will prolong the useful life of the equipnment and m nim ze
forced mai ntenance. The principal causes of forced outages and
excessi ve nmai ntenance are:

a) Sustained and frequent overl oadi ng of fuel burning
equi pnent

b) Operating with inproper airflow conditions
c) Fouling of external heating surfaces
d) I nadequate water conditioning

e) Inproper lubrication
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Forced mai ntenance is outside the scope of this
handbook. Normally, forced nmai ntenance and maj or overhauls are
not performed by operating personnel, but rather by assigned
mai nt enance personnel or outside contractors.

5.2.2 Preventive M ntenance. Preventive mai ntenance can be
defined as the system c and periodic inspection and servicing
required to keep equi pment in proper operating condition.

Mai nt enance tasks are based on el apsed tinme or hours of service.
Preventive mai nt enance neans fixing things before they break,

t hus keepi ng equi pnment in continuous service or ready for
service. The life of boiler plant equi pnent depends | argely upon
its mai ntenance, and the cost of operation in a well maintained
plant is consistently lower than in a poorly maintained one. In
addi tion, proper preventive maintenance results in inproved
wor ki ng conditions and better enpl oyee norale.

5.2.3 Predi ctive Maintenance. Preventive nai ntenance has
been the mainstay of maintenance practice for decades. No doubt
it is better than breakdown nmai ntenance, but with the advent of
nmodestly priced conputer systens and software it can be augnented
with a nore refined procedure known as predictive maintenance.

For exanple, with predictive maintenance, wearing parts of

equi pnrent are maintained in step wth their actual naintenance
needs rather than arbitrary assunptions based on the passage of
time or hours of use.

Predi ctive mai ntenance can be described as foll ows:
predi ctive mai ntenance invol ves equi pnment condition nonitoring
along with data tracking and trending to predict failures.
Condition nmonitoring information is gathered fromvibration
monitoring, infrared imaging, oil and wear particle analysis,
ul trasound detection, visual inspections, and other
nondestructive testing. Predictive maintenance information is
scanned, by conputer analysis software or other nethods, and
potential problens are diagnosed. A technician tracks the
severity of the problens, orders necessary parts, and schedul es
mai nt enance accordi ngly. Depending on the severity, equipnent
with problens can be schedul ed for repairs during the next outage
or taken out of service imediately. Wth this nethod, breakdown
mai nt enance 1 s avoi ded.

5.2.3.1 Benefits. A predictive nmaintenance programused in
conjunction with a good preventive mai nt enance program can reduce
machi nery cost and inprove safety. These savings are realized as
fol |l ows:
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a) Avoid Breakdowns. By nonitoring a machine's actual
condition, forced outages and the additional problens associated
with a catastrophic failure are avoi ded.

b) Reduced Mai ntenance Requi renents. Maintenance is
performed only as needed and not according to assunptions based
on passage of tine.

c) Reduced Spare Parts Inventory. Wth the ability to
determ ne what equi pment, tools, and |abor will be required,
spare parts inventories can be reduced.

d) Longer Machine Life. Early detection of incipient
machi ne probl ens and prevention of catastrophic failures wll
i ncrease machine life.

e) Verification of New Equi pnent and Repairs.
Equi prent can be checked for problens prior to returning to
service or accepting contracted services.

5.2.3.2 Vibration Analysis. Vibration analysis is presently
the nost wi dely used predictive naintenance technique. It has
been used in the Navy, nostly on submarines, since the early
1960's. Wth the availability of m croconmputers and advanced
prograns, vibration analysis is now cost effective in smaller
plants. Vibration analysis products range in conplexity from
pocket size single point |evel indicators to continuous on-1line
di agnostic systens. It is inportant to understand the avail able
equi pnent before inplenenting a program

5.3 Responsibility. The chief operator or plant supervisor
has the ultimte responsibility for boiler plant equipnent, its
proper operation, and the scheduling and performance of

mai nt enance. The chief operator should assign to hinself
responsibility for inspection and servicing required for plant
safety. He will assign other operating or maintenance personnel
the responsibility for maintenance of specific pieces of

equi pnent as required. Sone itens listed for daily inspection by
an assigned individual also require hourly inspections by the
operating personnel. These hourly inspections do not relieve the
assi gned operator of his responsibility to inspect, service, and
record the equi pnent condition.

5.4 | nspection. Inspectionis the first step in a
preventive mai ntenance program The early detection of a problem
can greatly reduce the anount of danmage, sinplify maintenance,
and prolong equipnent life. The key to effective inspectionis a
conpl ete understandi ng of the equipnent's operating
characteristics. The operator should know the condition, sound,
tenperature, pressure, speed, vibration, and performance
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characteristics of each piece of equipnent in the plant, and
particularly those that are his assigned responsibility. Any
change in normal characteristics should be i mediately reported,
i nvestigated, and corrected.

5.5 Housekeepi ng. A neat boiler plant generally indicates
a well run plant. The boiler plant should be kept free of
unnecessary material and equi pnment. Good housekeepi ng shoul d be
encour aged and procedures established to maintain the desired

| evel of cleanliness. Equipnment should be kept clean. Sonetines
cleaning is all that is required to keep equi pnent in trouble-
free operation. Misture, dirt, dust, cobwebs, bugs, and oil in
the wong place are enem es of mechanical and el ectri cal

equi pnent. Stop |eaks as soon as they are detected. Leaks not
repai red at best represent waste and at worst nay cause extensive
damage.

5.6 Uilities Inspection and Service Records. Preventive
mai nt enance prograns are effective only if careful, accurate, and
conplete records are kept. In no other way can the nai ntenance

manager ensure that personnel are carrying out their
responsibilities and that equi pnent is being properly maintained.
Figures 131 and 132 are exanples of the types of |og sheets that
shoul d be mai ntai ned at each plant.

5.6.1 Records. As discussed above, nmintaining accurate and
conplete records is an essential part of a good preventive

mai nt enance program Record data cards provide an effective

met hod for smaller plants; however, for |arger nore conpl ex

pl ants, new software prograns are available for record keepi ng.

A conputerized mai ntenance nmanagenent system (CMVS) provides the
mai nt enance departnent with a nmethod of handling | arge anmounts of
dat a.

5.6.1.1 Conput eri zed Mai ntenance Managenent System ( CWE).
There are many mai nt enance software packages avail abl e on the
comercial market with different options available. A typical
CWES is used to plan scheduling, issue work orders, track costs,
and provide inventory control for maintenance tasks. Maintenance
personnel perform equi pnment inspections, naintenance, and
functional checks at specified time intervals. The program
prints predictive maintenance task sheets specifying work

requi red on the equi pnent, then updates a history file when the
work is conmplete. Reports provide nmanagers w th equi pnment,

mai nt enance, personnel, and cost information. This exchange of
i nformati on hel ps coordi nate nmanagenent and nai nt enance
personnel. Maintenance can al so use these prograns to track
predi ctive mai ntenance tasks and history files.
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5.6.1.2 Data Entry. \Wether using a CMWB or record cards, care
is required when initially filling in entry data. The foll ow ng
outlines basic information that should be included when

est abl i shi ng nmai nt enance records:

a) Equi pment Nunber. The equi pnent nunber is nmade up
of three separate parts separated by dashes. The first part is
the boiler plant building or |ocation nunber. The second and
third parts are equi pnment classification codes used to
di stingui sh between sim |l ar pieces of equipnent.

b) Description. Describe equipnment briefly but in
enough detail so that it can be readily identified.

c) Preventive Miintenance To Be Done By. Show the job
title and nane of the person responsible for maintenance; this
should normal ly be the person who actually operates the
equi pnent. He is also responsible for rem nding the chief
operator, superintendent, or other supervisor of any special
sem annual or annual inspections required, and for ensuring that
t he supervi sor makes the appropriate entry on the card after the
i nspection is conpl et ed.

d) Wik To Be Done. Study the handbook and the
equi pnent manufacturer's nmanual, noting inspection and service
required. Enter in this space the paragraph or subparagraph
headi ng describing the operation. Add any operations not covered
in the manual but needed to nmaintain the unit. Ensure that
necessary inspections and services are shown on the record card.
Li st operations in order of frequency of performance, wth daily
service first.

e) Item Nunber. ldentify each operation with the
proper item nunber. Usually the item nunber is the subparagraph
nunber unless an item nunber is noted. Were the sane item
nunber is used to identify nore than one operation, differentiate
between them by adding a letter to one of the nunbers; thus, if
"1" is used twce, wite one of themas "1la."

f) Reference. Insert paragraph nunbers to facilitate
reference to the appropriate manual .

g) Frequency. Record frequency of operations, as

shown in Tine-Schedul e colums. Modify suggested frequencies as
required to fit local conditions.
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h) Time. Show specific day or nonth when service is
due. Stagger quarterly, sem annual, and annual inspections so as
to mnimze rush periods and schedule conflicts. Choose the
season when the work can be best acconpli shed.

i) Tab Index. Mark an "X" at the top of the form
al ongsi de each nonth during which work is to be done or a report
submtted. This helps to schedul e operations, since overall work
required in a given nonth can be quickly determ ned by reference
to the tab index.

]) Service Record. On the back of the card, record
the date and item nunber whenever nai ntenance is performed, and
initial. |If service is required beyond the ability or authority
of the inspector, he nust request the proper help and enter the
request in the Wrk Done colum. For exanple, if inspection of a
nmotor reveals a grooved comrutator, the entry would read
"El ectrician needed to conplete Item 51 - conmutator grooved."
The work order nunber is entered under the colum headed Signed
and is initialed. Wen spaces on the Service Record are filled
in, a blank card should be stapled to the original.

5.6.2 Assi gnnent of Wirk. Only general rules covering
assi gnnent of preventive nai ntenance work are given here. Actua
assignments will necessarily depend upon the specific plant and

the qualifications of operating personnel. Wrk |oads of
personnel should be substantially equal, and duties assi gned nust
be in keeping with the qualifications of the individual. A coal

handl er, for exanple, may inspect the stack and breeching for
fly-ash accunmul ati ons, and exam ne guy w res, coal bunkers,

el evators, and conveyors. He should not be expected to maintain
and adjust flow neters or conbustion controls.

5.6.2.1 Chi ef Operator/ Supervisor. The chief operator is
charged with overall responsibility for the plant. Therefore,

i nspections having to do with safety of operation or the
possibility of serious damage to equi pnent are assigned to him
These itens nust be checked at frequent intervals. Likew se,
itens of major inportance such as internal inspection of boilers
and furnaces should be under his personal supervision.

5.6.2.2 Regul ar Operators. Shift operators, firenmen, or other
qualified personnel usually have mai ntenance duties in addition
to their regular assignnents. The man to whom a gi ven pi ece of
equi pnent i s assigned should performthe required maintenance
during whatever shift he happens to be working on a given day.
During this man's tine off, the relief operator or the chief
operator perforns the schedul ed mai ntenance. Mai ntenance
activity can sonetines be assigned entirely to day shift
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operators. This arrangenent necessitates cl ose supervision to
guard agai nst negl ect, but maintenance work during daylight hours
is nore pleasant and frequently nore effective.

5.6.2.3 Mai nt enance Men. In plants where regul ar mai nt enance
men are avail abl e, assignnent of preventive mai ntenance work is
sinplified. Here day-shift work is usual. However, certain
special itens should still be assigned to skillful operators.

5.7 Tool s. Proper preventive naintenance requires proper
tools and instrunments. Review the operations listed on the

mai nt enance cards and determine the tools required for each
operation. There is no single list of tools which will apply to
all plants. However, each plant should be equipped with a

wor kbench with a pipe vise, a machinist's vise, and a tool board.

5.7.1 Speci al Tools. Sone mai ntenance operations require
tools that would be used too infrequently to justify their
purchase for the central boiler plant. |If possible, such tools

shoul d be borrowed from ot her departnents on the base; otherw se,
requisition them |Indicate on the nmaintenance card the
departnment from which they may be borrowed.

5.7.2 Care of Tools. Maintain tools in first class
condition. Take defective tools out of service imediately and
repair or replace them Use tools properly. If the proper tool
for an operation is not avail able, imedi ate arrangenents shoul d
be made for its procurenent.

5.7.3 Tool Board. Keep tools on a well planned tool board or
tool box, not in bins, benches, or drawers. Keeping tools on a
tool board hel ps prevent | oss and nmakes theminstantly avail abl e
when required. Locate the tool board in a conspicuous pl ace,
convenient to the mapjority of operators. Space should be

provi ded on the board for additions to the tool supply. The
shape or size of a tool should not prevent its being installed on
the tool board. Extension cords, oil cans, flashlights, and
electric drills can be installed on the board by use of special
brackets. The outline of each tool should be painted on the
board in a contrasting color to assist in replacing tools in
their proper place and to serve as a ready check on m ssing

t ool s.

5.8 Spare Parts. Preventive maintenance requires an
adequate stock of spare parts. Service conditions, the

i nportance of the part to service continuity, and the ease of
procurenent help to determ ne the kind and nunber of spare parts
kept in stock. Exam ne the equipnment requirenents in the plant
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and prepare a spare parts inventory. Do not neglect to include
smal | parts such as nuts, bolts, shear pins, steamtraps,
gaskets, val ve seats, packing, and cotter pins.

5.9 Speci al Supplies. Lubricants and cleaning solvents are
needed for proper equipnment operation and long life. C ean,
properly lubricated equipnent is required for successful plant
oper ati on.

5.9.1 Lubricants. Lubricants are frequently referred to in
par. 5.10. Because of the extrene variations in equipnent and
service conditions, the types of lubricants required for a given
pl ant nmust be determned locally. Determ ne |ubricant

requi renents fromthe equi pnent manufacturers instructions, or
advice from | ubricant manufacturers.

5.9.2 Cl eani ng Sol vents. C eaning solvents such as m neral
spirits, kerosene, and Varsol can be used in central boiler

pl ants. Petrol eum derivatives such as naphtha and gasol i ne
present an explosion and fire danger and nust never be used.
Benzene especially nmust never be used, as it not only has a | ow
flashpoint, but is also extrenely toxic. Follow the precautions
for use and storage that are provided with the sol vents.

Material Safety Data Sheets nmust be readily available to

enpl oyees in accordance with OSHA Regul ation 29 CFR 1910. 1200.
When using cl eaning solvents, be sure the solvent is conpletely
evapor at ed before placing the equi pnent back into service. Wen
usi ng solvents for cleaning electrical equipnent, first renove

| oose dirt and dust, then dip a rag into the solvent and w pe the
insul ation. Wen spraying solvents, extra precautions agai nst
fire or health hazards nust be observed. Wen cleaning bearings
or machi ned parts, place the cleaned parts on clean rags or

paper, allowthemto dry and i Mmediately dip themin oil or apply
lubricant. Do not allow rust-susceptible parts to remain exposed
to air after cleaning.

5.10 Schedul ed Preventi ve Mi ntenance

5.10.1 Schedul i ng and Use of the Information. The follow ng
sections provide suggested preventive maintenance schedul es for
many types of central boiler plant equi pnent. The subparagraph
desi gnates the frequency for preventive nmai ntenance: daily,
weekly, nmonthly, quarterly, sem annually, and annually. The
second subpar agraph nunbers are nunbered consecutively and can be
used as index nunbers on the record cards. The lists of
i nspection and work presented here should not be considered to be
conplete. Review the manufacturer’s operating and mai nt enance
instructions and add additional required itens. Reviewthe
appl i cabl e section of the ASME Boil er and Pressure Vessel Code
and the NBBI National Board |Inspection Code, along wth NAVFAC
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MO 324 for additional requirenents and suggestions. O her

equi pnent will be found which is not discussed in this section.
Such equi pnent shoul d be researched with the manufacturer and
appropriate record cards prepared. The frequency suggested here
i's based on good practice. Mdify the suggested frequency to
best match | ocal conditions and experience.

5.10.2 Boil ers. The successful operation and nmai ntenance of a
boiler is greatly dependent on the operation and nai ntenance of
its auxiliaries. Boiler operation and boiler preventive
mai nt enance i nvol ve inspection of the boiler operating
condi ti ons.

a) Daily

(1) Check the follow ng conditions and take action
as required:

(a) Water |evel.

(b) Steam pressure or water tenperature
stability.

(c) Flue gas tenperature at two | oads,
conpared to clean boiler tenperatures.

(d) Flue gas oxygen or carbon dioxide |evels
at two | oads, conpared wi th baseline data.

(e) Water or steam | eaks.
(f) Air leaks in casing, ducts, or setting.

(2) Take water sanples and perform necessary
tests. Adjust internal treatnment and conti nuous bl owdown.

(3) Blow down steam boilers through the bottom
bl owdown connection to renove sl udge.

(4) dean boiler exterior.
b) Monthly

(1) Lever test safety valves (refer to
par. 5.10.6).

(2) Check boiler drain valves for proper opening
and cl osi ng.
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(3) Check boiler roomfloor drains for proper
function.

c) Quarterly. One of the quarterly inspections should
be tined to coincide with the annual inspection by the Authorized
| nspector.

(1) Internally and externally inspect the boiler.
Refer to sem annual and annual procedures.

(2) dean the fire side of the boiler.

d) Sem annually. Sem annually or as required by
NAVFAC MO 324, an external inspection of the boiler by an
Aut hori zed Inspector is required. Wth the boiler operating,
i nspect for the foll ow ng:

(1) Any evidence of steam or water |eakage.
(2) Pressure gage accuracy and functi on.
(3) Safety or safety relief valves.

(4) Water |evel gage function

(5) Pressure controls function.

(6) Low water fuel cutoff and | evel control
function.

(7) Steam water, and bl omdown piping for | eakage,
vi bration, proper rating, and freedomto expand.

(8) Review the boiler |og, nmaintenance records,
and water treatnment records to ensure that regular and adequate
tests have been made.

e) Annually. Annual inspections are required by
NAVFAC MO 324. Boiler inspections are to be nmade in accordance
with rules for inspections in Section VII of the ASME Boil er and
Pressure Vessel Code. An Authorized Inspector is required.
Preparation for an annual inspection is discussed in the next
subpar agraph. The nost recent copy of Boiler |Inspection Report,
NAVFAC Form 9-11014/32 (3/67), nmust be posted for each boiler in
t he pl ant.

(1) Inspect the boiler for the foll ow ng; clean
and repair as required:
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(a) Water side of tubes for deposits caused
by water treatnent, scale, or oil. Renove excessive deposits by
mechani cal or chem cal neans.

(b) Stays and stay bolts. Repair or replace
as required.

(c) Water side of tubes and boiler for
corrosion, grooving, and cracks.

(d) Manhol es, internals, and connections to
the boiler for cracks, corrosion, erosion and cl ean passages.

(e) Fusible plugs. Replace annually.

(f) Tube sheets, tube ends and druns for
signs of thinning, |eaking, corrosion, or cracks.

(g) Boiler supports and setting for freedom
of expansi on.

(h) Fire side of tubes for bulging,
blistering, |eaks, corrosion or erosion.

(1) Setting for cracks, settlenent, |oose
bricks, spalling, and | eakage.

(j) Safety valves and their connections and
pi ping. Test the safety val ves.

(k) Baffles.
(1) Blowdown piping.
(m Boiler appliances.

(n) \When required by the Authorized
| nspector, hydrostatically test the boiler.

(o) Review past inspection reports and pl ant
records.

(p) Make any other inspection required by the
ASME Boil er and Pressure Vessel Code or NBBI National Board
| nspecti on Code.

(2) Preparation for an annual inspection. Mke
the follow ng preparations for annual inspection. O her
preparations may al so be required by the ASME Boil er and Pressure

Vessel Code or NBBI National Board |Inspection Code.
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(a) \Where soot blowers are installed, blow
soot before reducing boiler |oad bel ow 50 percent.

(b) Shut down the boiler in accordance with
par. 4.3.22. Shut off fuel supply lines and | ock when possi bl e.
Sufficiently cool the boiler before draining the water.
Internally wash the boiler to renove sludge deposits, suspended
solids sedinent, and | oose scale. Do not clean drunms or tubes
until after the inspection unless prior agreenent has been
reached with the Authorized | nspector.

(c) Before opening or entering any part of
the boiler, ensure that the nonreturn and stop val ves are
cl osed, tagged, and preferably padl ocked and drain val ves between
the two are opened. The feed and check val ves nust be cl osed,
t agged, and padl ocked and drain val ves between the two nust be
opened. After draining the boiler blowff valves nust be cl osed
and padl ocked. Drain and vent |lines should be opened.

(d) Proper low voltage Iighting should be
provi ded for internal inspection.

(e) The fire side walls, baffles, and tubes
shoul d be thoroughly swept and ash and soot renobved.

(f) If the installation burns coal, renove
the grate bars, and clean the firebox plates along the grate
line until the bare netal is exposed. Take care not to danage
the netal during the cleaning.

(g) Have available a supply of gaskets for
manhol es and hand hol es, and suitable wenches for renoving and
repl aci ng covers.

(h) Replace fusible plugs.

(1) If insulation conceals manufacturers
i nscri bed data, renove the | agging and cl ean the surface
carefully so that die-cut letters and figures can be easily read.

(j). Assign a qualified boiler plant operator
to assist the Inspector throughout the tests.

(k) Be prepared to run a hydrostatic pressure
test. A hand punp should be provided for this test if required.
Provi de gags to prevent safety valves fromlifting when test
pressure is applied. |[If hydrostatic pressure tests on nore than
one boiler are contenplated, sufficient gags should be provided
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for the boilers. |If boiler gages and controls are not designed
for the proposed test pressure, be prepared to isolate or renove
t hem and plug the openings.

(1) Have boiler records avail abl e.

f) Taking a Boiler Qut of Service. Wenever a boiler
is to be out of service for nore than 2 days, thoroughly clean
the fire side of the boiler, flues, econom zer and air heater.
Ash and soot deposits nust be renoved. Dry ash and soot are not
corrosive but noisture in conbination with the ash and soot of
sul fur bearing fuel is. To avoid acid attack and corrosion of
the nmetal, ash and soot nust be renoved.

5.10.3 Econom zers. Refer to par. 3.1.7.

a) Daily. Inspect for |eaks in piping, valves,
packi ngs, gasketed joints, hand-hol e openings, casing, etc. Mke
repairs as required.

b) Monthly. Check the follow ng under identical |oad
condi ti ons:

(1) Water pressure drop through the econom zer.
(2) Draft |osses across the econom zer.

(3) Gas tenperature drop across the econom zer. An
increase in draft | oss and a decrease in gas tenperature drop
normal Iy indicates a fouling condition.

c) Annually. During the annual boiler overhaul, clean
and i nspect the econom zer.

(1) Externally look for signs of overheating,
| eakage, wear, or corrosion in pressure parts. Check the baffles
and tubes in the area of soot blowers for signs of abrasion
caused by fly ash or steamcutting. Check the elenents of the
soot bl ower.

(2) Internally look for corrosion, erosion, scale,
sl udge deposits, or oil in tubes and headers.

5.10.4 Air Heaters. Refer to par. 3.1.8.

a) Daily

(1) Inspect the air heater for gas or air leaks in
duct, casing, gasketed joints, etc.

260



M L- HDBK- 1125/ 1

(2) Inspect for abnormal air or gas tenperatures.

(3) Inspect for nechanical drive problens on
rotary air heaters, if supplied.

(4) Establish a lubrication schedule for rotary
air heaters in accordance with manufacturer’s recomendati ons.

b) Monthly. Check the follow ng under identical |oad
condi tions:

(1) Air and gas side draft |osses.
(2) Gas tenperature drop through the air heater

(3) Inspect for nmechanical drive problens on
rotary air hanging heaters, if supplied.

(4) Establish a lubrication schedule for rotary
air heaters in accordance with manufacturer’s recomendati ons.

(5 Air tenperature rise through the air heater.
An increase in gas side draft | osses conbined with a decrease in
air tenperature rise indicates excessive soot deposits in the
t ubes or gas passages.

(6) Make an oxygen analysis of flue gas at the air
heater inlet and outlet. The difference in total air content
bet ween the anal yses indicates air | eakage. Repair if |eakage is
excessi ve.

c) Annually
(1) During the boiler overhaul, clean and inspect
the air heater. Look for indications of corrosion, erosion,
| eakage, and wear.
(2) In rotary regenerative air heaters, inspect
the notor drive, speed reducer, auxiliary air notor if provided,
| ubricating system cooling system bearings, rotor seals, etc.

(3) Check the condition of soot blowers and
washi ng equi pnent .

5.10.5 Water Columms. Refer to par. 3.2.3.

a) Daily
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(1) Blow down and inspect water colunmms, gage
gl asses, level indicators, and | evel alarm devices for |eaks,
correct operation, correct level indication, and adequate
l[ighting. Repair |eaks imrediately.

(2) Check to see that val ves between boiler and
gage gl ass are free and operational.

(3) When provided, test high and | ow autonmatic
alarmto ensure that it is in perfect order. Repair when faulty.

b) Annually. During annual boiler overhaul, or nore
often if necessary, dismantle, clean, and inspect parts such as
val ves, alarmlinkages, floats, chains, alarns, glasses,

di aphragns, or electrodes. Replace or repair damaged or worn
parts as required to ensure proper functioning.

5.10.6 Safety Valves. Refer to par. 3.2.5.

a) Daily

(1) Check for steam | eakage indicating damaged
seat, defective parts or |odged scale. Imediately correct such
faults as | eaking, sinmering, or chattering.

(2) Check supports and anchors of discharge pipe.

(3) Check the drain line fromsafety val ve outl et
to ensure that it is open and will function when needed.

b) Monthly. Check each safety valve by raising the
val ve off the seat by lifting the lever. Keep the valve w de
open for at least 10 seconds to blow dirt and scale clean from
the seat. C ose the valve by suddenly rel easing the |ever.

c) Annually. Before and after the annual steam
generator inspection and overhaul, test the operation of safety
val ves. Testing is also required whenever the spring or bl ow
back ring has been reset or adjusted.

5.10.7 Fusi ble Plugs. Refer to par. 3.2.8. These itens
shoul d be put on the boiler record card where applicable.

a) Quarterly. Inspect fusible plugs during boiler
i nspections. Scrape the surface clean and bright. Replace if
the nmetal does not appear sound.

b) Annually. Replace fusible plugs at |east once a
year .
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5.10.8 Soot blowers. Refer to par. 3.2.9.2.

a) Daily
(1) Check for leaks. Repair if required.

(2) Check for correct operation of the system
conponent s.

b) Sem annually

(1) During the boiler outages, inspect the
followng itens and repair if required:

(a) Defective elenents (warped, corroded,
eroded, or otherw se danmaged).

(b) Worn, loose, or defective nozzles.
(c) Incorrect blow ng and adj ustnment.

(d) Incorrect location of elenents or
nozzl es.

(e) Alignnment and tightness of the supporting
beari ngs.

(f) Defective chains, control valves, and
control system conponents.

(g) Condition of soot blower piping system

(h) Evidence of abrasion caused by
i npi ngenent of the jet.

(2) Repack and adjust glands to prevent |eakage.

5.10.9 Stokers. Refer to par. 3.3.1.1.
a) Daily

(1) dean exposed parts of the stoker.

(2) Inspect accessible parts. Pay speci al
attention to bolts and connections in shear pins or safety
rel ease nmechani sns. Be sure there is no binding that may keep
protective devices fromfunctioning. Operating personnel should
i nspect the followng itens hourly:

(a) Hot bearings.
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(b) Foreign material in coal

(c) Mechanical |inkages.

(d) Danmaged, overheated, or burned out parts.
(e) G Ieaks.

(f) Proper oil level and condition of
hydraul i ¢ systens.

(g) Correct oil pressures and oi
t emper at ure.

(h) dinkers.

(3) Establish lubrication requirenents and a
schedul e in accordance with manufacturer’s requirenents.

b) Quarterly. Make the follow ng general inspection
and over haul whenever a boiler is renoved from servi ce.

(1) Inspect the conplete stoker. Check for wear
on surfaces of feeder-box sides, conveyor areas, and noving
parts. Check alignnment and condition of the grates. Replace
br oken, warped, or distorted parts pronptly. Check the
fol | ow ng:

(a) Cearances between grate el enents.

(b) Tightness of nuts, bolts, and hol di ng
parts.

(c) Drive nmechanismand drive unit. Cean
and repair any damage to gears and ot her conponents.

(d) Bearings of drive unit. Lubricate as
required.

(e) Electrical controls and connecti ons.

(f) Fan and its bearings. Check and
| ubri cate bearings.

(g) Fly-ash reinjection system Look for
worn areas and plugged lines. Repair if required.

(h) Air seals. Repair if required.
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(2) Renove slag fromfurnace walls adjacent to
stoker or fuel bed surface. Take care to avoid injury to the
bri ckwor k.

5.10.10 Pul veri zed Coal Equi pnent. Preventive mai ntenance
procedures for pulverized coal equipnent are as foll ows.

5.10.10.1 Lubrication. Establish a definite |ubrication schedule
for pulverizer installations and assign definite responsibility
for the periodic |ubrication. Frequency of |ubrication and

| ubricants used should be approved by both the pul verizer and

[ ubri cant manufacturers.

5.10.10.2 Ball MIlIs

a) Daily. The operator shall inspect the installation
daily for the foll ow ng:

(1) Unusual noise or vibration.
(2) Driver overl oad.

(3) Correct lubricating oil pressures,
t enperatures, and |evels.

(4) Hot bearings.

(5) Correct cooling water tenperatures.

(6) Correct coal level in mll.

(7) Proper operation of coal feeder and controls.
(8 Correct mll outlet tenperature.

(9) Proper operation of exhauster.

b) Annually. Once a year, or as required, depending
upon the severity of service, inspect the mll for the foll ow ng:

(1) Liner bolts for tightness.

(2) MII liner for wear.

(3) Exhauster blades and liners for erosion.
(4) Correct ball charge.

(5 Bearings for wear and dirt.

265



(6)
(7)

accunul ati ons.

(8)

M L- HDBK- 1125/ 1

Gear drives for wear.

Coal valves and lines for wear and dirt

Check coupling alignnent.

c) GCeneral

(1)
(2)
(3)
(4)

system annual | y.

(5)

Add to ball charge as required.
Tighten m |l liner bolts frequently.
Repair or replace worn or defective parts.

Thoroughly clean and flush lubricating oil

Repair or replace worn or damaged coal val ves.

5.10.10.3 Bow Ml Is

a) Daily. The operator shall inspect the mill
installation daily for the foll ow ng:

(1)
(2)
(3)
(4)

t enper at ur es.
(5)
(6)
(7)
(8)

Hot beari ngs.
Mot or over heati ng.
Unusual noi se or vibration.

Correct lubricating oil levels, pressures and

Proper operation of exhauster.
Correct roll pressure.
Proper setting of classifier deflector valves.

Correct mll outlet tenperature.

b) Annually. Once a year, or as required, depending
upon the severity of service, inspect for the foll ow ng:

(1)
(2)

Rolls and grinding rings for wear.

MIIl liners for wear.
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(3) Exhauster bl ades, deflectors, and air-
directional vanes for erosion and damage.

(4) Bearings and gears for wear. Check setting of
gears.

(5) Coal valves and lines for wear and dirt
accunul ati ons.

(6) Check bolts for tightness.
(7) Check coupling alignnent.

c) General. Wrn or defective mll liners,
defl ectors, and air-directional vanes should be repaired or
repl aced as required. Do not |eave finished surfaces beaded when
buil ding up worn surfaces with weld netal. Lips resulting from
wear to rolls and grinding rings may be trimed, making it
possible to use either the trimmed rolls with the trimed ring,
the trimmed rolls with a newring, or newrolls with the trimed
ring. Rolls are made of chilled cast iron, chilled to a depth of
about 1 inch. Should the wear on the roll have progressed bel ow
the chill, nothing can be gained by trimmng the Iip. Trinmng
must be done by nelting with a 1/2-inch to 3/4-inch carbon
el ectrode at 300 to 400 anperes, using reverse polarity on the
machine. It is not necessary to obtain a snooth surface. The
grinding ring can be trimed using an acetylene torch. This cut
al so does not have to produce a snmooth finish. Trinmng can be
acconplished by fastening the torch in a suitable fixture and
setting the torch to cut the lip at the desired angle. The bow
can be turned by turning the mll shaft. An alternate nethod is
totrimthe Iip by hand burning, the bowl being turned
intermttently as required.

5.10.10.4 Bal |l -Race Pul veri zer

a) Daily. The operator shall inspect the pulverizer
installation daily for the foll ow ng:

(1) Unusual noise and vibration.
(2) Hot bearings.
(3) Modtor overheating.

(4) Correct lubricating oil l|evels, pressures, and
t enper at ures.

(5) Correct spring |loading on grinding el enents.
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(6) Proper operation of blower.

(7) Proper setting of classifier vanes, if
adj ust abl e.

(8 Correct mll outlet tenperature.
(9) Proper operation of coal feeder and controls.

b) Annually. Once a year, inspect the installation
for the foll ow ng:

(1) Balls and grinding rings for wear.

(2) dassifier vanes for erosion and wear.
(3) Blower for wear.

(4) Bearings and gears for wear.

(5) Check bolts for tightness.

(6) Check coupling alignnent.

c) Ceneral. Renew worn balls and races as required.
It is good practice in this type of pulverizer to wear down two
conplete sets of balls with one set of grinding rings to obtain
maxi mum life of the grinding elenments. Wen new balls and races
are installed, allow the ball diameter to reduce 1/4 inch and
then replace with a second set of balls. Al lowthe second set to
wear down 1/2 inch and then change to the first set and all ow
themto wear an additional 1/2 inch. By following this
procedure, the balls are kept wthin 1/4 inch of each other in
di aneter and close to the contour of the races. |If one set of
balls is allowed to wear to the m ninum size, the effect on the
races will be such that the races wll have to be replaced
prematurely. The maxi mum perm ssible ball wear is 7-1/2-inch
balls worn to 5 inches, 9-1/4-inch balls worn to 6-1/4 inches, or
10-1/2-inch balls worn to a 7-inch diameter. Extra or fill-in
bal |l s shoul d be added as wear increases, but the addition of a
ball nmust not reduce the average cl earance between balls to | ess
than 5/8 inch. Ginding rings may be worn to a thickness of from
1 inch to 1-3/4 inches. New top and bottom grinding rings should
be installed at the sanme tine so as to provide mating ring
surfaces for proper ball contact.

5.10.10.5 Attrition Pul verizer

a) Daily. The operator shall inspect the installation
daily for the foll ow ng:
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(1) Hot bearings.
(2) Driver overl oad.
(3) Unusual noise or vibration.

(4) Proper lubricating oil levels, pressures and
t enper at ures.

(5) Correct mll outlet tenperature.
(6) Proper operation of coal feeder and controls.
(7) Check rpmon turbine driven nmachines.

b) Annually

(1) Inspect stationary pegs, hamrer, and novi ng
pegs for erosion and wear.

(2) Check housing liners for wear.

(3) Inspect rejector arns for erosion and danage.
(4) Inspect fan bl ades for wear.

(5) Check bearings for wear and dirt.

(6) Check coupling alignnent.

(7) Check bolts for tightness.

c) General. Replace stationary peg bases when bolts
that hold peg tips are exposed and in danger of being cut off.
Repl ace stationary peg tips when approximtely 1 inch has been
worn off the total length. Replace noving pegs when
approximately one-third of the face area has been chipped or worn
away. Replace rotor wearing plates when it appears that
continued operation mght result in failure. Fan blades can be
kept in service until the blades are cut through at the tip.

Pul veri zer liners should be replaced when it appears that
continued operation will result in coal cutting through to the
housi ng.

5.10.11 Coal - Handl i ng Equi pnment. Refer to par. 3.3.2.

a) Daily
(1) Inspect for the foll ow ng hourly:

269



M L- HDBK- 1125/ 1

(a) Unusual noise or vibration.

(b) Motor overheating.

(c) Hot bearings.

(d) Coal accunulation. Cean as required.
(e) Correct chain or belt tension.

(f) Danmaged or |oose drag flights or buckets.
(g) Damaged chain, chain sprockets, or belts.
(h) Proper operating conditions.

(1) Gl or water |eaks. Repair as required.
(j) Proper lubricant |evels.

(2) Establish lubrication requirenents and
schedul e as required by manufacturer's instructions.

(3) Inspect scales for zero | oad bal ance.
b) Monthly. Inspect for the follow ng:

(1) Cear boxes, sheaves, rollers, shafts for
proper |ubrication, freedomof novenent, and bearing play.

(2) Screens for holes or plugging. Repair or
cl ean as required.

(3) Structural franme for broken or bent parts and
| oose or damaged j oi nts.

(4) Proper alignnment of pulleys and other parts.

(5) Proper operation of control and safety
devi ces.

c) Semannually. Inspect for the follow ng:

(1) Corrosion or erosion of hoppers, chutes, and
gat es.

(2) Danmage of lining and protective coatings.
(3) Wear or dammge of scale levers, knife edges,

and bearings. Repair or replace as required.
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(4) Cracks or other damage of concrete structures.

d) Annually. Prepare applicable netal surfaces and
repai nt.

5.10.12 Ash- Handl i ng Equi pnment. Refer to par. 3.3.3.

a) Daily
(1) Inspect for the foll ow ng:
(a) Piping leaks. Repair immediately.

(b) Proper operation of steam or nechani cal

exhauster.

(c) Proper operation of air washer, if
provi ded.

(d) Proper operation of ash gates and cli nker
gri nders.

(e) Proper operation of automatic steam
val ves and automatic controls, including maintenance of correct
st eam pressure.

b) Quarterly

(1) Inspect conveyor piping, especially at el bows,
for accunul ated ash and erosion. Rotate, repair, or replace as
necessary.

(2) Inspect steam exhauster for corrosion and
er osi on.

(3) Inspect washer internals for wear, ash
accumnul ati on, and nozzle condition. Clean and repair as
necessary.

5.10.13 Ol Burners. Refer to pars. 3.3.4 and 4.3.7

a) Daily
(1) Inspect for the foll ow ng hourly:

(a) G, steam or air leaks. Repair
i mredi atel y.

(b) Unburned oil deposits and overheating of
bur ner parts.
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(c) Burner flame for proper shape, color and
stability.

(d) Proper operating pressures and
t enmper at ur es.

(2) Renove and clean the oil atom zer
(3) dean burner exterior.

(4) Follow the established schedul e for cleaning
burner strainers.

b) Annually

(1) Conpletely renove and cl ean the burner and
igniter.

(2) Inspect air register and burner parts for
freedom of novenent, warpage, and wear. Repair or replace as
required. Adjust parts for proper operation. The services of a
burner serviceman nay be required.

(3) Replace atom zer tips or nozzles that have
been in normal service with new tips or nozzles.

(4) Calibrate burner pressure and tenperature
gages.

5.10. 14 QO | -Handl i ng Equi pnent. Refer to pars. 3.3.5 and
4.3.7.

a) Daily
(1) Inspect for the follow ng:

(a) GIl, steam water, or air |leaks. Repair
i mredi atel y.

(b) Proper operation of traps, controls, and
i nstrunent ati on.

(c) Proper operating pressures, tenperatures,
and | evel s.

(2) dean equi pnent as required.

(3) Establish a schedule for cleaning strainers.
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(4) Inspect and nmaintain punps as outlined in

pars. 5.10.25, 5.10.26, and 5.10. 27.
b) Annually

(1) Inspect and clean heaters and tanks internally
and externally. |Inspect carefully for corrosion, erosion,
pitting, plugged tubes, damaged baffles, sludge deposits, water
accunul ati ons, and scal e deposits.

(2) Inspect for damage to protective coatings, or
paint. Repair or repaint as required.

(3) Test relief valve settings and operation.

(4) dean, inspect, and calibrate controls and
i nstrunent ati on.

5.10. 15 Gas Burners. Refer to pars. 3.3.6 and 4. 3. 8.

a) Daily. Inspect for the follow ng hourly:
(1) Gas or air leaks. Repair immed ately.
(2) Proper gas and air pressures.

(3) Burner flame for proper shape, color, and

stability.
(4) Over heating or binding of burner parts.
b) Annually
o (1) Conpletely renove and cl ean the burner and
i gniter.

(2) Inspect burner parts for freedom of novenent,
war page, and wear. |Inspect gas nozzles. Repair or replace as
required. Adjust parts for proper operation. The services of a
burner serviceman may be required.

(3) Calibrate burner pressure gages.

5.10. 16 Feedwat er/ Drum Level Controls. Refer to par. 3.4.1.

a) Daily

(1) Inspect for water |eaks. Repair immediately.
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(2) Cbserve operation of control devices. Report
and repair any mal functions imedi ately.

(3) Establish a calibration schedule for
conponents in the control systemin accordance with
manuf acturer’s recomendati ons.

b) Annually
(1) During the boiler overhaul, or nore often if
necessary, clean and inspect control conmponents. Look for signs
of corrosion, erosion, or wear and for deposits, |eaks, and
defective parts. Repair as required.

(2) Check settings, adjustnents, and operation of
conponent s.

5.10. 17 Conmbustion Controls. Refer to pars. 3.4.2 and 4.3.9.

a) Daily

(1) Inspect for air, oil, gas, and water | eaks.
Repair imedi ately.

(2) Blow down conpressed air drip |legs and
filters.

(3) Check jack shafts, danpers and |inkages for
sl i ppage and freedom of novenent.

(4) Inspect for stable and proper operation.
(5 dean exterior of controls.

(6) Establish lubrication requirenents and
schedul e in accordance with manufacturer’s instructions.

b) Mnthly. Replace or clean systemfilters.
c) Annually

(1) Inspect and conpletely clean control devices
internally. Replace any worn, corroded, or danmaged parts.

(2) Test for correct calibration. Adjust as
required.
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(3) Test control settings under operating
conditions. Optimze control function to inprove plant
efficiency.

(4) Obtain the assistance of a fully trained
conmbustion control service engineer as required to calibrate,
cl ean and adj ust the controls.

5.10.18 Boiler Safety Controls. Refer to pars. 3.4.3 and
4. 3.10.

a) Daily

(1) Inspect safety controls for |eaks and
cleanliness. Repair and clean i nmediately.

(2) Blow down the water colum, gage gl ass, and
| ow wat er fuel cutoff each shift. Test function.

b) Monthly
(1) Inspect safety controls for such problens as
dirty swwtch contacts, defective diaphragns or sensing el enents,
| oose wres, dirty flame scanner lens, or flanme rod. C ean or
repair imed ately.

(2) Test safety controls for proper calibration
and operation.

5.10.19 I nstrunentation. Refer to par. 3.4.4.

a) Daily
(1) Inspect for leaks. Repair imediately.

(2) Check for proper operation. Report any
mal function. Only trained personnel should place in service,
remove fromservice, calibrate, or maintain instrunents.

(3) Inspect for undue vibration, broken gl ass,
lighting, and readability.

b) Annually. Once a year, or nore often if necessary,
make a thorough inspection of instrunents and gages for
corrosion, deposits, or other defects. Inspect carefully for the
fol | ow ng:

(1) Ruptured or distorted pressure parts.

(2) Incorrect calibrations or adjustnents.
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(3) Badly worn pins or bushings.

(4) Danmaged or burned thernocouple wre
i nsul ati on.

(5) Leaking or damaged di aphragns, bell ows, and
gasket s.

(6) Mercury separations in thernoneters.

(7) Loose pointers.

(8) Broken bal ance-arm screws.

(9) Plugged piping or tubing.

(10) Broken or danmaged adjustnment assenbli es.

(11) Defective clockwork mechanismor electric
not or operati on.

5.10. 20 Mechani cal Collectors. Refer to par. 3.5.3.

a) Daily

(1) Cbserve draft gage readi ngs and conpare with
normal readings for that operating condition.

(2) Check dust |evel in hopper to ensure hoppers
are being enptied on a regul ar basis.

b) Quarterly. At the tinme of boiler outage, inspect
for the foll ow ng:

(1) Check gasketed joints for |eaks. Replace
damaged or defective gaskets as required.

(2) Check the interior of dust collector for caked
deposits, corrosion, erosion, |oose parts, and ot her danage.
Cl ean and repair as required.

(3) Check the exterior of dust collector for
damaged parts, paint, corrosion, etc. Cean and repair as
required.

c) Annually. Paint the entire assenbly.

5.10. 21 Stacks. Refer to par. 3.6.5.
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a) Daily. Inspect for possible defects, |eaks,
damage, deterioration of lining, cracks, or settlenent in
foundation. Report pronptly any such observati on.

b) Quarterly

(1) Make a nore thorough exam nation of the
chi mey exterior using high powered binoculars quarterly or after
every severe stormto | ook for cracks, spalls, corrosion, |oose
guy wires (if provided), damaged |ightning rod and connectors,
| oose parts, etc.

(2) Renove soot and fly-ash accunul ati on from base
of stack.

(3) dean accumulation of soot and fly ash from
connecting flues and inspect themfor corrosion, erosion, and
nmoi sture. |If nmoisture is found, clean nore frequently. Renove
the cause of water formation if possible.

c) Sem annually. Carefully exam ne stack supports for
corrosion, cracking, or novenent of anchor bl ocks, and proper guy
wire tension. Check for corrosion of the | adder.

d) Annually. Cean and inspect the stack internally
and externally. Inspect lightning rod tips and ground
connections. Paint.

5.10. 22 Zeolite Water Softeners

a) Daily
(1) Check for the follow ng:

(a) Flowrates. Service, backwash,
regenerant solution, and rinse rates should be carefully
mai nt ai ned.

(b) Adherence to manufacturers instructions
for length of time for backwash, regeneration, and rinse
oper ati ons.

(c) Proper operation of flow regul ators,
meters, pressure gages, tenperature indicators.

(d) Chemcal or water |eaks.

(e) Hardness of water |eaving softener to
determ ne when to regenerate.
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(f) Density of brine.
(g) Sump for zeolite carryover

(2) Establish lubrication requirenents and
schedul e in accordance with manufacturers recomrendati ons.

b) Sem annually

(1) Inspect ion exchange vessel, val ves, and
pi ping for corrosion, rust, and peeling of paint.

(2) Drain and internally inspect the ion exchange
vessel for loss of resin, dirt, slinme, or oil fouling of the bed,
uneven bed, or corrosion or erosion in distributor piping.

c) Annually. Calibrate instruments annually or nore
of ten as required.

5.10. 23 Hot Li me- Soda Softeners

a) Daily
(1) Check for the follow ng:

(a) Alkalinity and hardness several tines
each day to determ ne proper chem cal additions.

(b) Chem cal feed punp for operation.

(c) Plugging of feed lines.

(d) Chem cal proportioner for operation.

(e) Tenperature of water in reaction tank to
verify heater function. Tenperature should be greater than 212
degrees F at sea | evel

(f) Heater vent for proper venting.

(g) Live steam nakeup val ve for operation and
pressure control.

(h) Pressure differential across filters to
determ ne necessity of backwashi ng.

(1) Chemcal solution tank. Add chem cals as
required.
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(j) VLines and valves for |eakage. Repair or
repl ace i nmedi ately.

(2) Blow down reaction tank daily or nore often
according to sludge accunul ati on.

(3) Lubricate notors and punps according to
manuf acturer,s directions and schedul e.

b) Monthly

(1) dean chemcal solution tank. C ean outlet
strainer.

(2) dean and flush chem cal feed punp.
(3) Lubricate and adjust chem cal proportioner.
c) Sem annually

(1) Open and clean heater. Level and adjust trays
and spray nozzles. Cean and drain vent condenser. Repack and
reseat |ive steamregul ator val ve. Check diaphragmin regul ator
and replace if worn. Adjust regulator. Repack and reseat water
inlet control valve.

(2) Open, exam ne, clean, and recharge filters in
accordance with manufacturer's recommendati ons.

d) Annually

(1) Drain, open, and clean reaction tank. Repair

or replace danmaged insulation. |[If corrosion is excessive on
interior of tank, scrape thoroughly and apply protective paint or
other simlar coating. |If exterior is exposed, paint after

t hor oughl y cl eani ng.
(2) Dismantle, clean, overhaul, and repack punps.
(3) Repack val ves.
(4) Paint exposed surfaces.

5.10. 24 Deaerating Heaters and Deaerators

a) Daily
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(1) Check for correct operation of relief valve,
st eam pressure reduci ng val ve, overflow, controls, alarns, and
steam pressure and tenperature indicators. Report any
mal functions i mredi atel y.

(2) Inspect for steam and water |eaks. Repair
i mredi atel y.

b) Annually. Once a year, or nore often under severe
service conditions, clean the unit and inspect the foll ow ng:

(1) Spray valves for corrosion, erosion, scaling,
and proper seating.

(2) Water discharge nozzles for clogging,
corrosion, and wear.

(3) Trays (on tray type units). Renove and
i nspect for corrosion, warping, and scaling.

(4) O separator. Inspect interior of heater for
evi dence of oil, corrosion, or scaling.

(5) Condition of relief, steam pressure reducing,
float, vent, and overfl ow val ves.

(6) Condition of gage glass, controls, alarnms, and
i nstrunents.

(7) Condition of piping and val ves.

(8) Vent condenser. Open and check for corrosion,
wear, clogging of tubes, and scaling.

(9) Condition of insulation. Check for cracks and
peel i ng.

5.10. 25 Punps. Refer to par. 3.6.2.

a) Daily. Inspect for the follow ng hourly:
(1) Unusual noise or vibration.
(2) Electric notors for overheating.
(3) Hot bearings.
(4) Abnormal suction or discharge pressures.
(5 Hot stuffing box.
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(6) Abnornmal |eakage through gl ands/seal s.
b) Mnthly. Inspect external gear and bearing
housi ngs for correct lubricant condition. Establish |ubrication
requi renents and schedul e in accordance with manufacturer’s
reconmendat i ons.

c) Annually. Conpletely disassenble, clean, and
i nspect the punp. Check for the foll ow ng:

(1) Excessive cl earances.
(2) Hot and cold alignnent.
(3) Corrosion or erosion of parts.

(4) Excessive wear of shafts, sleeves, bearings,
and seal s.

(5) Cracks, scrapes, wastage, or corrosion of gear
teeth if provided.

5.10. 26 Centrifugal Punps. Refer to par. 3.6.2.2.

a) Daily. Inspect for the follow ng hourly:
(1) Abnormal vibration and noi se.
(2) Abnormal pressure and flow conditions.
(3) Excessive or inadequate packing | eakage.
(4) Hot bearings.
(5) Hot stuffing box.

b) Sem annually

(1) Check alignnent of punp and driver with the
unit at stand-still and nornmal operating tenperature.

(2) Check shaft sleeves for scoring.
(3) Replace packing if required.

(4) Drain the oil fromoil-lubricated bearings,
flush, and refill with clean oil.
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(5) Check grease-lubricated bearings. Do not
overgrease the bearings. Wen adding grease, renove drain plug
or use a safety fitting to prevent overgreasing.

c) Annually. Conpletely disassenble, clean, and
i nspect the punp. Check for the foll ow ng:

(1) Wearing ring clearances according to
manuf acturer's instructions. Diametric clearance between 0. 005
and 0. 025 inch is usual.

(2) Bearing wear and clearances. Overhaul if
requi red, according to manufacturer’s instructions.

(3) Shaft for scoring, corrosion, or wear at
seal s, and alignnment.

(4) Inpellers for corrosion, erosion, or excessive
wear .

(5) Calibrate pressure gages, thernoneters, and
flow neters.

(6) Suction and discharge strainers for
cl eanl i ness.

5.10. 27 Reci procating Punps. Refer to par. 3.6.2.3.

a) Daily
(1) Inspect for the follow ng hourly:

(a) Abnornmal speed.
(b) I nproper stroke |ength.
(c) Defective operation of |ubricator
(d) Ineffective operation of governor.
(e) Inproper action of the air chanber.
(f) Steam and water | eaks.

(2) Establish lubrication requirenents and
schedul e in accordance with manufacturer’s instructions.

b) Monthly. Inspect for the follow ng:
(1) Scoring of piston rods.
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(2) Binding of valve operating nmechani sm
(3) Lost notion.
(4) Tilted glands in stuffing boxes.
(5) Defective condition of strainers.
c) Annually

(1) D smantle the punp once a year or nore often
if required; clean and inspect the punp.

(2) Check the following in the liquid end:

(a) Condition of valves, springs, and
retaining bolts.

(b) Condition of cylinder |iner.

(c) Piston rings or packings.

(d) Piston rod packing.

(e) Relief valve, if used, and setting.
(f) Alignnent.

(g) Strainers, if used.

(3) Also |look for corrosion, erosion, or excessive
wear of paints, and for transm ssion of strains frompiping to

punp.
(4) Check the followng in the steam end:

(a) Condition of pistons and piston rings,
slide val ves and seal s.

(b) Alignnent.

(c) dearance between piston and cylinder
l'iner.

(d) Lubricator.

(e) Governor.
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(5) Check for plugged steam passages in steam
chest, scoring of shoulders or cylinders, corrosion, erosion, and
excessi ve wear of parts.

(6) Calibrate instrunments

(7) Replace packings.

5.10. 28 SteamInjectors. Refer to par. 3.6.2.5.

a) Daily
(1) Inspect for steamand water |eaks. Repair as
required.
(2) Check for correct feedwater flow
(3) Check for correct tenperature and pressure
r eadi ngs.

(4) Check for erratic overflow.

b) Annually. D smantle injector. C ean and inspect
for the foll ow ng:

(1) Injectors for corrosion, erosion, excessive
wear, and cl oggi ng passages. Pay particular attention to
nozzl es.

(2) Valves for corrosion, excessive wear, and
| eakage. Check packi ng.

(3) Piping for corrosion, scaling, and erosion.
(4) Insulation.

5.10. 29 St eam Tur bi nes (Noncondensing). Refer to par. 3.6.6.
Institute preventive maintenance schedul e in accordance with
manuf acturer’s recommendati ons. The follow ng programis
suggested for a single-stage inpul se noncondensi ng steam turbine
typically used to drive auxiliary equi pnent.

a) Daily
(1) Inspect for the foll ow ng:

(a) Proper oil levels, pressures, and
t enper at ur es.

(b) Hot bearings.
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(c) Dirty or emulsified oil.
(d) Unusual noise or vibration.

(e) Steam water, and oil |eaks. Repair as
necessary.

(f) Proper operation of governor under
varyi ng | oad.

(g) Proper operation of instrunments, gages,
and throttl e val ve.

(2) Establish lubrication requirenents and schedul e
in accordance with manufacturer’s instructions.

b) Wekly
(1) Blow down steam strainer connection.

(2) Lubricate governor and overspeed trip
I i nkages.

(3) Trip enmergency valve by hand trip lever to
check its operability.

c) Mnthly
(1) Change bearing oil and clean reservoir.

(2) WMake visual inspection of governor parts,
beari ngs, and |inkage for |ost notion.

(3) Check coupling for | ooseness, wear, and
al i gnnent .

d) Annually. Mke a thorough inspection of the unit
after the first year of operation. Subsequent internal
i nspection intervals should be based upon operating conditions
and the operating record of the machine. Follow manufacturer’s
recommendati ons for such inspections. The follow ng may be
adopt ed as guidelines for an annual overhaul:

(1) Dismantle speed governor and check and rectify
play in |inkage.

(2) Check overspeed trip governor for proper
operation. Repair if necessary.
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(3) dean and exam ne governor val ve, bushing,
val ve stem etc. Replace stem packing.
(4) Check thrust bearing for end play.

(5) dean and exam ne turbine blades and shrouds
for cracks, danage, erosion, and debris.

(6) dean steam strainer

(7) dean and inspect packing rings for damage and
axi al rubs.

(8) Inspect turbine bearings. Change if
necessary.

5.10.30 Air Conpressors. Refer to par. 3.6.10.

a) Daily
(1) Inspect for the foll ow ng:
(a) Unusual noise or vibration.

(b) Abnormal tenperature and pressure of
conpressed air, cooling water, or lubricating oil.

(c) Proper operation of unl oader.
(d) Hot bearings and stuffing box.

(e) Correct lubricating oil level and oi
consi stency.

(2) Establish lubrication requirenents and
schedul e in accordance with manufacturer’s recomendati ons.

b) Quarterly. Inspect for the follow ng:

(1) Conpressor valves for wear, dirt, and inproper
seat i ng.

(2) Operation of safety val ves

(3) Belts for tension, wear, and deterioration.
(4) deanliness of air intake filter.

(5) Tightness of cylinder head bolts and gaskets.
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c) Annually

(1) Check cylinders for wear, scoring, corrosion,
and dirt.

(2) Inspect pistons and rings for |eakage, wear,
scoring, security to the piston rod, and head cl earances.

(3) Inspect crank shaft and crank shaft bearings
for wear and proper operation.

(4) Check alignnent of the conpressor with respect
to the driver.

5.10. 31 Steam Traps. Refer to par. 3.6.11. Establish a
conprehensi ve and coordi nated mai nt enance and i nspection program
for steamtraps, strainers, and separators. As a mninum the
foll ow ng nust be done for central boiler plants.

a) Daily. Inspect the traps, strainers, and
separators for the foll ow ng

(1) Piping |leaks. Repair as necessary.
(2) Correct operation.
(3) Abnormal pressure drop across strainers.

(4) Unusual accunul ations of foreign matter in
strai ner baskets.

(5) Unusual and excessive di scharge of condensate
and oil from separators.

(6) Danmage to insulation at traps. Repair as
necessary.

b) Monthly

(1) Blow down steamtrap to elimnate dirt
accunul ati ons.

(2) Open the air vents on float traps to vent
accunul ated air.

(3) Test traps for correct operation.

c) Annually
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(1) Conpletely disassenble steamtraps and inspect
themcarefully for the foll ow ng:

(a) Cracked, corroded, broken, |oose, or worn
parts.

(b) Excessive wear, grooving, and wire
drawi ng of valves and seats.

(c) Defective bellows, buckets, or floats.

(2) Replace or repair defective gaskets, |inkages,
and orifices.

(3) Reassenble and test for proper operation.

5.10. 32 Electric Motors. Refer to par. 3.6.7.

a) Daily
(1) Inspect for the foll ow ng:
(a) deanliness.
(b) Overheating.
(c) Hot bearings.
(d) Correct l|ubrication.

(e) Proper operation of instrunents and
control s.

(f) Unusual noise or vibration.

(g) Continuous or excessive sparking at
comrut at or or brushes.

(h) Loose belts, if provided.

(2) Establish lubrication and notor maintenance in
accordance with manufacturer’s recommendati ons.

b) Annually

(1) Inspect squirrel cage rotors for broken or
| oose bars. Check for | oose or broken fan bl ades.

(2) Thoroughly inspect ball, roller, and sleeve
bearings for wear and dirt.
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(3) Check and record insulation resistance.

(4) Check windings for dirt, noisture, cracks, and
| oose wedges.

(5) Check coupling alignnent.

5.10. 33 Forced Draft (FD) and Induced Draft (ID) Fans. Refer
to pars. 3.6.3 and 3. 6. 4.

a) Daily
(1) Inspect for the foll ow ng:
(a) Abnormal noi ses.
(b) Abnormal vibrations.
(c) Overheating of drive.
(d) Abnornmal bearing tenperature.
(e) Condition of oil and bearing oil |evel.

(f) Proper flow and tenperature of bearing
cool i ng water.

(g) Freedom of danper notion.

(2) Establish lubrication requirenents and
schedul e in accordance with manufacturer's recomendati ons.

b) Quarterly

(1) Examne water cooling systemfor corrosion and
cl oggi ng.

(2) dean rotor and casing and inspect for

corrosion, erosion, and damage. Check cl earances between rotor
and casi ng.

(3) Check alignnent of shaft and coupling; inspect
coupl i ng.

(4) Check condition of foundation and tightness of
beari ng and foundation bolts. Defective foundation or |oose
bolts may pronote heavy vibration.

(5) Inspect bearings.
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c) Annually. Annually, or nore often if required,
i nspect and performthe foll ow ng mai ntenance work:
(1) Conpletely overhaul bearings.
(2) dean and flush cooling system

(3) Repair or replace fan bl ades, as required.
After replacing bl ades, rebal ance rotor.

(4) Repair or replace defective parts.
(5 Repair insulation

5.10. 34 Command | nspections. Command inspections are a
function of commandi ng officers. They are nade to determ ne the
general condition and effective use of central boiler plant

equi pnent, causes of neglect or carel essness, and need for
additional instruction or training of operating personnel.
Command i nspections may be formal, informal, or spot checks.

5.10.34.1 Procedure. Command inspections are nade on accessible
central boiler plant equi pnent at any tine that causes the |east
possible interference with boiler plant routine. Equipnent,
accessories, and connections are checked during formal

i nspections; equipnent is selected at random for informal

i nspections and spot checks. |Inspectors |ook for the follow ng:

a) Ceanliness of equipnent, pipes, wal ks, floors,
wal |s, and instrunents.

b) Any leaks fromwater, steam oil, or air equipnent.

c) Neat and orderly storage tools, spare parts,
supplies, and fuel.

d) Deficiencies of equipnent, working order of parts.

e) Methods and procedures used in hazardous
oper ati ons.

5.10.34.2 Followup. After inspections have been conpl et ed,
personnel are advised of the deficiencies and irregularities
not ed.

5.10. 35 Techni cal I nspection. Technical inspections are nade
to determine the general condition of boiler plant equipnent,

ef fecti veness of preventive nai ntenance, and need for additional
instruction or training of maintenance personnel.
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5.10.35.1 Procedure. Boiler plant equipnent is selected at
random and i nspected w thout previous notification so that the
overall condition of equipnment and efficiency of maintenance
personnel can be determ ned. Technical inspections are
preferably made whil e equi pnment is being dismantled for routine
i nspection. In thoroughness, the technical inspection should
equal inspections nmade by insurance or other authorized

i nspecting agencies. The follow ng are checked at each piece of
boi | er plant equi pnent inspect ed:

a) Items included in command inspections (refer to
par. 5.10.34).

b) Adequacy of preventive maintenance as it is being
per f or med.

5.10.35.2 Followup. On conpletion of the technical inspection,
the Public Works Oficer wwll take the steps necessary to correct
i ndi cated deficiencies in preventive nai ntenance inspection and
service procedures. He will arrange to have any i ndicated

mai nt enance work done at once.
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APPENDI X A

HEAT BALANCE CALCULATI ONS

Al 100- psi g Steam Heat Bal ance. See Figure A-1. (Note
that this figure is a duplicate of Figure 1.)
1125 LBS. WATER
IN @ S0°F
¢ 1 LB. STEAM,
I I 1% enercy
VENT
 WATER @ 60°F z CONDENSER
1125 LBS. WATER
OUT @ 140°F '
|
T o
13 LBS. STEAM
100% ENERGY ’
INPUT 12.LBS. I 1% EnerGY
. - = WATER |
(OPTIONAL! EXCIANGER Stniney] |
PRESSURE 1
REDUCING i
VALVE
100 LBS. WATER |
@ 18°F I
6% ENERGY i
i AETURN TO
‘ TRAP — —a{ PUMP |—s= CENTRAL
| BOILER PLANT
l 99 F: WATER
@ 195°F
| 14% ENERGY
|
Y =)
A AANANGINA
“CONDENSATE WELL
Figure A-1
100- psi Steam Heat Bal ance
a) The follow ng assunptions have been nade:

conditions will
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(2) Percent energy is based on the energy in the
steaminput to the heat exchanger.

(3) Negligible heat is lost fromthe insul ated
pi pi ng, heat exchanger, vent condenser, or condensate tank.

(4) The vent condenser condenses 91 percent of the
flash steam and cools the condensate to 100 degrees F

(5) The anobunt of flash steamrel eased is not
affected by the water returned fromthe vent condenser. Wth
this assunption, our exanple serves to establish flash steam
| osses for systens without vent condensers.

b) The following steamtable enthal phies in Btu/lb
have been utilized:

(1) For 100 psig steam hgl OO = 1189.7 and
hf 100 = 309.0

(2) For O psig steam hgO = 1150.4 and hfO = 180.0

(3) For water at 50 degrees F hf50 = 18.0

(4) For water at 100 degrees F hf100 = 68.0
(5) For water at 140 degrees F hf140 = 107.9
(6) For water at 198 degrees F hf198 = 166.0

c) Percent energy in saturated water at the heat
exchanger outlet is calculated as foll ows:

(1) Base Energy = Mx hglOO = 100 Ib x 1189.7 Btu

(2) Energy at heater exchanger outlet = M x hf100
= 100 I b x 309.0 Btu/lb = 30,900 Btu

(3) Percent energy at heat exchanger out = (energy
at heat exchanger outlet divided by base energy) x 100 = (30, 900
di vided by 118,970) x 100 = 26 percent

d) Energy fromthe 100-psig saturated water at 309
Btu/l b and 338 degrees F reaches a new equilibriumafter it exits
the steamtrap at 0 psig, 180 Btu/lb, and 212 degrees F by
flashing a portion of its nass to steamat O psig. The pounds of
flash steam Fs rel eased is cal culated as foll ows:

(1) Mx hf100 = Fs x hgO + (MFs) x hf0
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(2) 100 b x 309.0 Btu/lb = Fs = (100 | b-Fs 1150
Btu/lb) = (100 | b-Fs) x 180 Btu/lb

(3) 30,900 Btu 1150 Btu/lb x fs + 18,000 Btu
+ 180 Btu/lb x Fs

(4) 12,900 Btu = 970 Btu/lb x fs
(5 13.3Ib =Fs. Use Fs = 13 I b for Figure A-1.

e) Percent energy in flash steamis calculated as
fol | ows:

(1) Energy in flash steam= MF x hgO =
13.3 I b x 1150 Btu/lb = 15,295 Btu

(2) Percent energy in flash steam = (energy in
flash steam di vi ded by base energy) x 100 (15,295 Btu divided by
118,970 Btu) x 100 = 12. 86 percent

(3) Use 13 percent in Figure A-1.

f) Pounds of flash steamlost = 0.09 x 13.3 I b =
1.2 Ib. Use 1 Ib.

g) Percent energy in flash steamlost = (Ml ost x hgO
di vi ded by base energy) x 100 = (1.2 Ib x 1150 Btu/lb divided by
118,970 Btu) x 100 = 1.16 percent. Use 1 percent.

h) Pound of condensate returned fromvent condenser
0.91 x 13.3 1b =12.1 Ib. Use 12 I|b.

i) Percent energy in condensate return from vent
condenser = (MCR x hf100 divided by base energy) x 100 = 12.1 Ib
X 68 Btu/lb divided by 118,970 Btu) x 100.69 percent. Use 1
per cent .

j) Condensate return to the central boiler plant wll
have characteristics calculated as foll ows:

(1) The mass flowto the plant will equal (water
in - flash steam out = condensate returned fromthe vent
condenser) = 100 Ib - 13.3 1b =12.11b =98.8 Ib. Use 99 |b.

(2) The energy in the condensate well w Il equal
the energy in the 86.7 Ib of condensate fromthe heat exchanger
at 180 Btu/lb and 212 degrees F = 12.1 I b of condensate fromthe
vent condenser at 68 Btu/lb and 100 degrees F = (86.7 | b x 180
Btu/lb =12.1 Ib x 68 Btu/lb) = (15,606 + 823) = 16,428 Btu.
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(3) The tenperature of the condensate can be
calculated fromthe energy of the condensate and the steam
tabl es. Energy in condensate divided by | b of condensate =
(16,428 Btu divided by 98.8 Ib) = 166.3 Btu/lb. This
corresponds to 198 degrees F.

(4) Percent energy in the condensate return is
(energy in condensate divided by base energy) x 100 = (16,428 Btu
di vided by 118,970 Btu) x 100 = 13.8 percent. Use 14 percent.

k) The anount of water heated from50 to 140 degrees F
in the heat exchanger and vent condenser is cal cul ated as
fol |l ows:

(1) The energy available for heating the water
equal s the energy in the incomng steam (base energy) m nus the
energy |l ost by vented steam (subpar. f) mnus energy return
(subpar. i) = (118,970 Btu - 1,380 Btu - 16,428 Btu) =

101, 162 Bt u.

(2) The energy required to heat water from50 to
140 degrees Fis (hfl40 - hf50 = (107.9 Btu/lb) - 18 Btu/lb =
89.9 Btu/lb.

(3) The pounds of water heated is (101,162 Btu
di vided by 89.9 Btu/lb) = 1,125 |b.

) The tenperature at the outlet of the vent condenser
i s cal cul ated:

(1) Mrcond. x (hgO-hfO) divided by Mv = 12.1 | b
x (1150.4 Btu/lb - 180 Btu/lb) divided by 1125 Ib = 10.44 Btu/lb.

(2) h50 + 10.44 = 18 Btu/lb + 10.44 Btu/lb = 28. 44
Btu/lb. Fromthe steamtables this corresponds to a tenperature
of 60 degrees F.

A 2 15-psig Steam Heat Bal ance. See Figure A-2. (This
figure is a duplicate of Figure 2.) This heat bal ance is based
on the same assunptions listed in par. A 1 except now 15-psig
saturated steamis utilized for heating water

a). The following steamtable enthal phies in Btu/lb
have been utili zed:

(1) For 15 psig steamhgl5 = 1164.0 and
hfl 5 = 219.0

(2) For water at 50 degrees F hf50 = 18.0
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CONDENSATE WELL
Figure A-2
15- psi St eam Heat Bal ance
(3) For water at 140 degrees F hf140 = 107.9
(4) For water at 208 degrees F hf208 = 176.0
b) Percent energy in saturated water at the heat
exchanger outlet is calculated as foll ows:
(1) Base Energy = Mx hgl5 = (100 Ib x 1164.0
Btu/lb = 116,400 Btu
(2) Energy at heat exchanger outlet = Mx hfl15

(100 I b x 219.0 Btu/

| b)

= 21,900 Btu
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(3) Percent energy at heat exchanger outl et
(Energy at heat exchanger outlet divided by base energy) x 100
(21,900 divided by 116,400) x 100 = 18.8 percent.
Use 19 percent.

c) Energy fromthe 15-psig saturated water at 219
Btu/l b and 250 degrees F reaches a new equilibriumafter it exits
the steamtrap at 0 psig, 180 Btu/lb, and 212 degrees F by
flashing a portion of its nass to steamat O psig. The pounds of
flash steam Fs rel eased is cal culated as foll ows:

(1) Mx hf15 = Fs x hgO + (MFs) x hfO

(2) 100 Ib x 219.0 Btu/lb = Fs x 1150 Btu/lb
= (100 Ib - Fs) x 180 Btu/lb

(3) 21,900 Btu = 1150 Btu/lb x Fs + 18,000 Btu
- 180 Btu/lb x F

(4) 3,900 Btu = 970 Btu Ib x Fs
(5) 4.0 1b = Fs

d) Percent energy in flash steamis calcul ated as
fol | ows:

(1) Energy in flash steam= M- x hgO = 4.0 Ib
x 1150 Btu/lb =4,600 Btu

(2) Percent energy in flash steam = (energy in
flash steam di vi ded by base energy) x 100 = (4,600 Btu divided by
116, 400 Btu) x 100 = 4.0 percent.

e) Pounds of flash steamlost = 0.09 x 4.0 |Ib
= 0.36 Ib.

f) Percent energy in flash steamlost = (Flost x hgO
di vi ded by base energy) x 100 = (.36 I b x 1150 Btu/l b divided by
116,400 Btu) x 100 = 0. 36 percent.

g) Pound of condensate returned fromvent condenser =
0.92 x 4.0 1lb =3.64 1b. Use 3.6 |b.

h) Percent energy in condensate return from vent
condenser = (MMCR x hf 100 divided by base energy) x 100 = 3.64 |b
X 68 Btu/lb divided by 116,400 Btu) x 100 = 0.21 percent

i) Condensate return to the central boiler plant wll
have characteristics cal culated as foll ows:
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(1) The mass flowto the plant will equal (water
in - flash steam out = condensate returned fromthe vent
condenser) = 100 Ib - 4.01lb + 3.6 1b =99.6 Ib. Use 100 |Db.

(2) The energy in the condensate well w Il equal
the energy in the 96.0 I b of condensate fromthe heat exchanger
at 180 Btu/lb and 212 degrees F + 3.6 | b of condensate fromthe
vent condenser at 68 Btu/lb and 100 degrees F (96.0 I'b x 180
Btu/lb + 3.6 I|b x 68 Btu/lb) + (17,280 + 245) = 17,525 Btu.

(3) The tenperature of the condensate can be
calculated fromthe energy of the condensate and the steam
tabl es. Energy in condensate divided by pounds of condensate =
(17,525 Btu divided by 99.6 Ib) = 176 Btu/lb. This corresponds
to 208 degrees F.

(4) Percent energy in the condensate return is
(energy in condensate divided by base energy) x 100 = (17,525 Btu
di vided by 116,400 Btu) x 100 = 15 percent.

J) The anobunt of water heated from50 to 140 degrees F
in the heat exchanger and vent condenser is cal cul ated as
fol |l ows:

(1) The energy available for heating the water
equal s the energy in the incomng steam (base energy) m nus the
energy |l ost by vented steam (subpar. f) mnus energy return
(subpar. i) = (116,400 Btu - 414 Btu - 17,525 Btu) = 98, 461 Btu.

(2) The energy required to heat water from50 to
140 degrees F is (hfl40 - hf50 = (107.9 Btu/lb - 18 Btu/lb) =
89.9 Btu/lDb.

(3) The pounds of water heated is (98,461 Btu
divided by 89.9 Btu/lb) = 1,095 Ib. Use 1,100 Ib.

k) The tenperature at the outlet of the vent condenser
i s cal cul ated:

(1) Mrcond. x (hgO - hfO) divided by Mv = 3.64 |b
x (1150.4 Btu/lb - 180 Btu/lb) divided by 1,095 Ib = 3.22 Btu/lb.

(2) hf50+ 3.22 = 18 Btu/lb + 3.22 Btu/lb = 21.22
Btu/lb. Fromthe steamtables this corresponds to a tenperature
of 53 degrees F.

A 3 H gh Tenperature Water (HTW Heat Bal ance. See Figure
A-3 (identical to Figure 3).
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1125 LBS
WATER OUT @ 140°F

A 1125 LBS.

WATER IN @ SO°F

607 LBS. WATER @ 400°F

100% ENERGY INPUT
VVAAAANN
HEAT

EXCHANGER

RETURN TO CENTRAL
- BOILER PLANT
607 LBS. WATER @ 40°F
§8% ENERGY
Figure A-3

Hi gh Tenperature Water (HTW Heat Bal ance

a) The follow ng assunptions are nade so we can
conpare the HTWsystemw th the 100-psig steam system

(1) 1126 Ib of water will be heated from50 to
140 degrees F.

(2) The heat exchanger will be designed to heat
the water with a 400 degrees F inlet and 240 degrees F outl et
HTW

(3) Negligible heat is lost fromthe insul ated
pi pi ng an heat exchanger.

b) The following steamtable enthal phies in Btu/lb
have been utilized:

(1) For water at 50 degrees F hf50 = 18.0

(2) For water at 140 degrees F hf140

107.9

(3) For water at 240 degrees F hf240

208. 3
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(4) For water at 400 degrees F hf400 = 375.0

c) Energy added to water is calculated: Mv x (hf140 -
hf50) = 1125 Ib x (107.9 Btu/lb - 18.0 Btu/lb) = 101, 138 Bt u.

d) H gh tenperature water (HTW flow rate is
cal cul ated by the follow ng energy bal ance:

(1) Energy added = Energy rel eased by HTW

(2) 101,138 Btu = MHTWx (hf400 - hf240) = MHTW X
(375.0 Btu/lb - 208.3 Btu/lb)

(3) MHTW= 606.7 Ib. Use 607 Ib.

e) Percent energy in water returned to the central
boiler plant is calculated as foll ows:

(Energy in water returned divided by energy in water
supplied) x 100 = (MHTWx hf400) x 100 = 606.7 |Ib x 208.3 Btu/lb
divided by 606.7 Ib x 375 Btu/lb) x 100 = 55.5 percent. Use 56
per cent .
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Bl BLI OGRAPHY

M LI TARY HANDBOOKS AND NAVFAC GUI DE SPECI FI CATI ONS, AND
MAI NTENANCE AND OPERATI ON MANUALS:

M LI TARY HANDBOOK

M L- HDBK- 1003/ 7 St eam Power Pl ants - Fossil Fuel
NAVFAC MAI NTENANCE AND OPERATI ON (MO MANUAL

MO- 221 Met eri ng

NAVFAC GUI DE SPECI FI CATI ONS

NFGS 15551 Wat ert ube (Packaged) Boilers, QI or
al/Gas

NFGS 15553 St eam Heati ng Pl ant Wat ert ube (Shop)
Coal /G| or Coal

NFGS 15554 St eam Heating Plant Watertube (Field)
Coal /G| or Coal

NFGS 15631 St eam Boi |l ers and Equi pnent
(500, 000- 18, 000, 000 Btu/ hr)

NFGS 15632 St eam Boi |l ers and Equi pnent
(18, 000, 000- 60, 000, 000 Btu/ hr)

NFGS 15852 Mechani cal Cycl one Dust Col | ector of
Flue Gas Particul ates

NFGS 15853 El ectrostatic Dust Collector of Flue Gas
Particul at es

NFGS 15854 Fabric Filter Dust Collector of Flyash
Particles in Flue Gas

NFGS 15877 Dust and Gas Col l ector, Dry Scrubber and
Fabric Filter Type

NFGS 15972 Direct Digital Control Systens

NFGS 15997 Testing Industrial Ventilation Systens

(Unl ess otherwi se indicated, copies are available fromthe
Defense Printing Service Detachment O fice, Bldg. 4D (Custoner
Service), 700 Robbins Avenue, Phil adel phia, PA 19111-5094.)
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NON- GOVERNMENT  PUBLI CATI ONS:

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM D197 St andard Test Method for Sanpling and
Fi neness Test of Pul verized Coal

ASTM D1066 Standard Practice for Sanpling Steam
(Unl ess otherwi se indicated, copies are available fromthe

Anerican Society for Testing and Materials (ASTM, 1916 Race
Street, Philadel phia, PA 19103.)
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REFERENCES

NOTE: THE FOLLOW NG REFERENCED DOCUMENTS FORM A PART OF THI S
HANDBOOK TO THE EXTENT SPECI FI ED HEREIN. USERS OF TH S HANDBOOK
SHOULD REFER TO THE LATEST REVI SI ONS OF Cl TED DOCUMENTS UNLESS
OTHERW SE DI RECTED.

NAVFAC MAI NTENANCE AND OPERATI ON (MO) MANUALS AND P- PUBLI CATI ONS:

Unl ess otherw se indicated, copies are available fromthe Naval
Publ i cati ons and Forns Center, Standardi zati on Docunents O der
Desk, Buil ding 4D, 700 Robbins Avenue, Phil adel phia, PA
19111-5094.

MO MANUALS

MO- 209 Mai nt enance of Steam Hot Water and
Conmpressed Air Distribution Systens.

MO 225 | ndustrial Water Treatnent.

MO 230 Petrol eum Fuel Facilities.

MO 324 | nspection and Certification of Boilers
and Unfired Pressure Vessels.

MO 911 Utilization of Navy-CGenerated Waste Qs

as Burner Fuel.
P- PUBLI CATI ONS

P- 1060 El ectrical Transm ssion and D stribution
Saf ety Manual

OTHER GOVERNVENT PUBLI CATI ONS:

T™ 5-815-1 Air Pollution Control Systens for
Boil ers and | nci nerators.

(Unl ess otherw se indicated, copies are available from
US. Arny Publications Distribution Center, 1655 Wodson Road,
St. Louis, MO 63114.)
UG- 0005 Steam Trap Users Cui de.
(Unl ess otherw se indicated, copies are avail able from Commandi ng

O ficer, Naval Facilities Engineering Service Center (NFESC), 560
Center Drive, Port Hueneme, CA 93043-4328.)

303



M L- HDBK- 1125/ 1

NAVFAC 11300. 37 Energy and Utilities Policy.

(Unl ess otherw se indicated, copies are avail able from Naval
Publ i cati ons and Forns Center, Standardi zati on Docunents O der
Desk, Buil ding 4D, 700 Robbins Avenue, Phil adel phia, PA
19111-5094.)

NON- GOVERNMVENT  PUBLI CATI ONS

AVERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

ANSI B16 Pi pe, Fl anges, and Fittings.
ANSI B31.1 Power Pi pi ng.
ANSI B36 I ron and Steel Pipe.

(Unl ess otherw se indicated, copies are available fromthe
American National Standards Institute (ANSI), 11 W 42nd Street,
New Yor k, NY 10036.)
AVERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)

ASME Boi |l er and Pressure Vessel Code.

Section | Rules for Construction of Power Boiler.

Section |V Requirenents for Heating Boilers.

Section VI Recommended Rules for Care and Operation
of Heating Boilers.

Section VI Recommended Rul es for Care of Power
Boi | ers.

Section VIII Pressure Vessels.

Section I X Wel di ng and Brazing Qualifications.

ASME CSD- 1 Controls and Safety Devices for

Automatically Fired Boilers
ASME PTC 4.1 St eam CGenerating Units.
(Unl ess otherwi se indicated, copies are available fromthe

American Soci ety of Mechani cal Engi neers, United Engineering
Center, 345 East 47th Street, New York, NY 10017.)

304



M L- HDBK- 1125/ 1

AVERI CAN SOCI ETY OF TESTI NG AND MATERI ALS ( ASTM

ASTM D388

ASTM D396

Standard C assification of Coals by
Rank.

Standard C assification for Fuel QG ls.

(Unl ess otherwi se indicated, copies are available fromthe
Anmerican Society of Testing and Materials, 1916 Race Street,

Phi | adel phia, PA 19103.)

NATI ONAL BOARD OF BO LER AND PRESSURE VESSEL | NSPECTORS ( NBBI )

Nat i onal

Board I nspection Code.

(Unl ess otherw se indicated, copies are available fromthe
Nat i onal Board of Boiler and Pressure Vessel I|Inspectors, 1055

Crupper Avenue,

Col unbus,

OH 43229.)

NATI ONAL FI RE PROTECTI ON ASSQOCI ATI ON ( NFPA)

NFPA 30

NFPA 31

NFPA 54

NFPA 58

NFPA 8501

NFPA 8502

NFPA 8503

Fl anmabl e and Conbusti bl e Li qui ds Code.

Standard for the Installation of Q-
Bur ni ng Equi pnent .

Nat i onal Fuel Gas Code.

Standard for the Storage and Handling of
Li quefied Petrol eum Gases.

Standard for Single Burner Boiler
QOper ati on.

Standard for the Preventi on of Furnace
Expl osi ons/ I npl osions in Miltiple Burner
Boi | er - Fur naces.

Standard for Pulverized Fuel Systens.

(Unl ess otherw se indicated, copies are available fromthe
National Fire Protection Association, 1 Batterymarch Park, P.O
Box 9101, Quincy, MA 02269-9101.)
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GLOSSARY
Abatenent. The reduction in degree of intensity of pollution.

Absol ute pressure. Pressure above zero pressure, the sum of the
gage and at nospheric pressures.

AC. Alternating current.

Actual cubic foot. A cubic foot referring to the actual
tenperature and pressure of the gas. Usually abbreviated ACF.

Actual volunme. The volune of a gas at its actual tenperature and
pressure. In the United States, this is normally expressed as
actual cubic feet.

Actuating signal. A signal which causes a control elenent to
function or position itself accordingly.

Adi abatic tenperature. The theoretical tenperature that woul d be
attai ned by the products of conbustion provided the entire

chem cal energy of the fuel, the sensible heat content of the
fuel, and conbustion air above the datum tenperature were
transferred to the products of conbustion. This assunes:

1. Conbustion is conplete.

2. There is no heat |oss.

3. There is no dissociation of the gaseous conpounds.

4. Inert gases play no part in the reaction.
Aeration. To circul ate oxygen through a substance.

Afterburner. An air pollution control device that renoves
undesi rabl e organi ¢ gases by incineration.

Aftercooler. A device used for lowering the tenperature of a
fluid. Typically used on air conpressors or to reduce the
tenperature of boiler blowff discharge before it enters the
bui | di ng drai n.

Aggl onerating. A caking characteristic of a coal.

Air atomzing oil burner. A burner for firing oil in which the
oil is atom zed by conpressed air which is forced into and

t hrough one or nore streanms of oil, breaking the oil into a fine
spray.
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Air blast. The flow of air at a high velocity, usually for a
short peri od.

Air-cooled wall. A refractory wall of hollow construction
t hrough which air passes.

Air deficiency. Insufficient air in an air-fuel mxture to
supply the oxygen theoretically required for conplete conbustion
of the fuel

Air dried. Condition of coal after sanple has been exposed to 85
to 95 degrees F air until weight is constant.

Air-fuel ratio. The ratio of the weight, or volunme of air to
fuel .

Air infiltration. The |eakage of air into a setting, furnace,
boi l er, or duct.

Air noisture. The water vapor suspended in the air.

Air nonitoring. See Monitoring.

Air pollution. The presence of contam nant substances in the air
that do not disperse properly and interfere with human health.

Air port. An opening through which air passes.

Air preheater or air heater. A heat exchanger that transfers
heat froma high tenperature nedium such as hot gas, or steam to
an incomng air stream

Air-puff blower. An automatically controlled soot bl ower
removi ng ash, refuse, or soot from heat-absorbing surfaces.

Air purge. The renoval of undesired matter by replacement with
air.

Air quality control region. An area designated by the Federal
Governnment in which communities share a common air pollution
probl em sonetinmes involving several states.

Air quality standards. The |level of pollutants prescribed by | aw
t hat cannot be exceeded during a specified tinme in a defined
ar ea.

Air resistance. The opposition offered to the passage of air
t hrough any fl ow pat h.
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Air vent. A valved opening for venting air fromthe top of the
hi ghest drum of a boiler or pressure vessel.

Alarm A suitable horn, bell, light or other device which when
operated will give suitable notice of malfunction or off-normnal
condi tion.

Al | owabl e wor ki ng pressure. The nmaxi mum pressure for which the
boi l er was desi gned and constructed; the maxi num gage pressure on
a conplete boiler and the basis for setting of the pressure
relieving devices protecting the boiler.

Anmbient air. The air that surrounds the equi pnent.

Anbi ent tenperature. The tenperature of the air surrounding the
equi pnent .

Anal ysis, proximate. Analysis of a solid fuel determ ning
nmoi sture, volatile matter, fixed carbon and ash expressed as
percentage of the total weight of sanple.

Anal ysis, ultimate. Chem cal analysis of a fuel determ ning
carbon, hydrogen, sulfur, nitrogen, chlorine, oxygen, and ash as
percent ages of the total weight of sanple.

Anthracite. ASTM coal classification by rank: dry fixed carbon
92 percent or nore and | ess than 98 percent; and dry volatile
matter 8 percent or |ess and nore than 2 percent on a mneral -
matter-free basis.

Aqui fer. An underground bed or |ayer of earth, gravel, or porous
stone that contains water.

Area source. In air pollution, any small individual fuel
conmbustion source, including vehicles. A nore precise |egal
definition is available in Federal Regulations.

Arch-furnace. A substantially horizontal structure extending
into the furnace, to serve as a deflector of the gases.

As-fired fuel. Fuel in the condition as fed to the fuel burning
equi pnent .

Ash. The inconbustible solid matter in fuel.

Ash bed. A layer of refuse left on grates or deposited on a
furnace floor after the fuel is burned.
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Ash-free basis. The method of reporting fuel analysis whereby
ash is deducted and other constituents are recal cul ated to total
100 percent.

Ash gate. A gate or valve through which refuse is renoved from
an ash pit or soot hopper.

Ash sluice. A trench or channel used for transporting refuse
fromash pits to a disposal point by neans of water.

Aspect ratio. The ratio of width to depth in a rectangul ar duct
or elbow. Used in calculating resistance to fl ow

Aspirating air. Conpressed air supplied at pressures
sufficiently above furnace pressure to prevent flow of conbustion
gases from escapi ng the boiler.

Aspirating burner. A burner in which the fuel in a gaseous or
finely divided formis burned in suspension, the air for
conbustion being supplied by bringing into contact wwth the fuel
air drawn through one or nore openings by the |ower static
pressure created by the velocity of the fuel stream

At nosphere. The body of air surrounding the earth.

At nospheric pressure. The baroneter reading of pressure exerted
by the atnosphere; at sea level, 14.7 pounds per square inch or
29.92 inches of nercury.

Atom zer. A device by nmeans of which a liquid is reduced to a
very fine spray.

Attenperator. Apparatus for reducing and controlling the
tenperature of a superheated vapor or of a fluid. Also called
desuper heat er

Automatic controller. A device which causes the difference
bet ween a neasured property and its set point to dimnish.

Automatic lighter or igniter. A neans for starting ignition of
fuel w thout manual intervention. Usually applied to |iquid,
gaseous or pulverized fuel (see Igniter).

Auxiliary air. Additional air, either hot or cold, which nmay be
i ntroduced into the exhauster inlet or burner lines to increase
the primary air at the burner.

Avai |l able draft. The draft which may be utilized to cause the
flow of air for conbustion or the flow of products of conbustion.
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Avai lability factor. The fraction of the tinme during which the
unit is in operable condition.

Axial fan. Consists of a propeller or disc wheel within a
cylinder discharging the air parallel to the axis of the wheel.

Background level. In air pollution, the I evel of pollutants
present in anbient air from natural sources.

Backing ring. A ring of steel or other material placed behind
the wel di ng groove when joining tubes or pipes by welding, to
confine the weld netal.

Bacharach nunber. See Snoke Spot Nunber.

Baffle. A plate or wall for deflecting gases or |iquids.

Bag. 1. A deep bulge in the bottomof the shell or furnace of a
firetube boiler.

2. Asingle fabric filter unit in a baghouse.

Baghouse. An air pollution abatenent device used to trap
particul ates by filtering gas streanms through | arge fabric bags
usual |y made of glass fibers.

Bal anced draft. The naintenance of a fixed value of draft in a
furnace at conbustion rates by control of incomng air and
out goi ng products of conbustion.

Banking. Burning solid fuels on a grate at rates sufficient to
maintain ignition only.

Banking (live). Operating boilers at conbustion rates just
sufficient to maintain normal operating pressure under conditions
of no | oad demand.

Bare tube wall. A furnace wall having bare tubes.

Baronmetric pressure. Atnospheric pressure as determ ned by a
baroneter. Usually expressed in inches of nercury.

Base load. The termapplied to that portion of a boiler plant
load that is essentially constant for |ong peri ods.

Battery setting. A type of setting in which two or nore boilers
share common division walls.
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Beaded tube-end. The rounded end of a rolled tube when the tube
metal is formed over against the sheet in which the tube is
rol | ed.

Bel | ed tube-end. See Fl ared Tube- End.

Bellows seal. A seal in the shape of a bell ows used to prevent
air or gas | eakage.

Bin system A systemin which fuel is pulverized, stored in
bi ns, and subsequently w thdrawn through feeders to the burners
in anobunts sufficient to satisfy | oad demands.

Bi tum nous coal. ASTM coal classification by rank on a m neral -
matter-free basis and with bed noisture only.

1. Lowvolatile: dry fixed carbon 78 percent or nore, and
| ess than 86 percent; and dry volatile matter 22 percent or |ess,
and nore than 14 percent.

2. Mediumvolatile: dry fixed carbon 69 percent or nore,
and less than 78 percent; and dry volatile matter 22 percent or
| ess, and nore than 31 percent.

3. High volatile:

(a) Dry fixed carbon | ess than 69 percent, and dry
volatile matter nore than 31 percent Btu value equal to or
greater than 14,000 noist, mneral- matter-free basis.

(b) Btu value 13,000 or nore and | ess than 14, 000
nmoi st, mneral -matter-free basis.

(c) Btu value 11,000 or nore and | ess than 13, 000
nmoi st, mneral -free basis commonly aggl onerating, or 8,300 to
11,500 Btu aggl onerati ng.

Bl ank head. A head, without a manhole, at the end of a boiler
drum

Blind nipple. A nipple, or a short piece of pipe or tube, closed
at one end.

Blister. A raised area on the surface of solid netal produced by
pressure thereon while the netal is hot and plastic due to
over heati ng.
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Bl ock. Usually a rectangul ar-shaped casting of netal or of high
heat - conducting material nmade to fit closely on or cast to
furnace side walls. Also a refractory shape used as a furnace
lining and cool ed by air.

Bl owback. The difference between the pressures at which a safety
val ve opens and cl oses, usually about 3 percent of the opening
pressure.

Bl ow down val ve. A valve generally used to continuously regul ate
concentration of solids in the boiler (not a drain valve).

Blower. A fan used to force air under pressure. Typically used
to force air through a pulverizer or to force primary air through
an oil or gas burner register.

Bl owhole. A local area in a burning fuel bed through which a
di sproportionately large quantity of air passes.

Bl owof f separator. A vented and drained container equipped with
baffl es or an apparatus for the purpose of separating noisture
fromflash steamas it passes through the vessel

Bl owof f valve. A specially designed, manually operated, valve
connected to the boiler for the purpose of reducing the
concentration of solids in the boiler or for draining purposes.

Boiler. A closed vessel in which water is heated, steamis
generated, steamis superheated, or any conbination thereof,
under pressure or vacuum by the application of heat. The term
does not include such facilities that are an integral part of a
conti nuous processing unit but does include units supplying
heati ng or vaporizing liquids other than water where these are
separate from processing systens and are conplete within

t hensel ves.

1. High pressure - a boiler furnishing steamat pressures
i n excess of 15 pounds per square inch or hot water at
tenperatures in excess of 250 degrees F or at pressures in excess
of 160 pounds per square inch.

2. Low pressure - a boiler furnishing hot water at
pressures not exceeding 160 pounds per square inch or at
tenperatures not nore than 250 degrees F or steam at pressures
not nore than 15 pounds per square inch.

3. High tenperature water (HTW - a water heating boiler
operating at a pressure exceeding 160 psig or tenperatures
exceedi ng 250 degrees F
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4. \Water tube - a boiler in which the tubes contain water
and steam the heat being applied to the outside surface.

5. Bent tube - a water tube boiler consisting of two or
nmore drums connected by tubes, practically all of which are bent
near the ends to permt attachnment to the drum shell on radi al
l'ines.

6. Horizontal - a water tube boiler in which the main bank
of tubes are straight and on a slope of 5 to 15 degrees fromthe
hori zont al .

7. Sectional header - a horizontal boiler of the
| ongi tudinal or cross drumtype, with the tube bank conprised of
mul ti ple parallel sections, each section made up of a front and
rear header connected by one or nore vertical rows of generating
tubes and with the sections or groups of sections having a conmon
st eam drum

8. Box heater - a horizontal boiler of the |Iongitudinal or
cross drumtype consisting of a front and rear inclined
rect angul ar header connected by tubes.

9. Cross drum - a sectional header or box boiler in which
the axis of the horizontal drumis at right angles to the center
lines of the tubes in the nmain bank.

10. Longitudinal drum- a sectional header or box header
boiler in which the axis on the horizontal drumor druns is
parallel to the tubes in a vertical plane.

11. Low head - a bent tube boiler having three druns with
relatively short tubes in a vertical plane.

12. Firetube - a boiler with straight tubes, which are
surrounded by water and steam and through which the products of
conmbusti on pass.

13. Horizontal return tubular - a firetube boiler
consisting of a shell, with tubes inside the shell attached to
both end closures. The products of conbustion pass under the
bottom half of the shell and return through the tubes.

14. Loconotive - a horizontal firetube boiler with an
internal furnace the rear of which is a tube sheet directly
attached to a shell containing tubes through which the products
of conbustion | eave the furnace.
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15. Horizontal firebox - a firetube boiler with an internal
furnace the rear of which is a tube sheet directly attached to a
shel | containing tubes. The first-pass bank of tubes is connected
bet ween the furnace tube sheet and the rear head. The second-
pass bank of tubes, passing over the crown sheet, is connected
between the front and rear end cl osures.

16. Refractory lined firebox - a horizontal firetube
boiler, the front portion of which sets over a refractory or
wat er-cool ed refractory furnace, the rear of the boiler shel
having an integral or separately connected section containing the
first-pass tubes through which the products of conbustion | eave
the furnace, then returning through the second-pass upper bank of
t ubes.

17. Vertical - a firetube boiler consisting of a
cylindrical shell, with tubes connected between the top head and
t he tube sheet which forns the top of the internal furnace. The
products of conbustion pass fromthe furnace directly through the
vertical tubes.

18. Subnerged vertical - the sanme as the vertical type
above, except that by use of a water |eg construction as part of
t he upper tube sheet, it is possible to carry the waterline at a
poi nt above the top ends of the tubes.

19. Scotch boiler - a cylindrical steel shell wth one or
nmore cylindrical internal steel furnaces |ocated generally in the
| ower potion and with a bank or banks (passes) of tubes attached
to both end cl osures.

In Stationary Service, the boilers are either of the dry-
back, or wet-back type (see Boiler Dry-Back and Boil er Wt - Back).
In Marine Service, the boilers are generally of the wet-back

t ype.

Boi l er bl owoff piping. The piping connections fromthe boiler to
t he bl owoff val ves.

Boil er bl owoff tank. A vented and drai ned container into which
wat er is di scharged above atnospheric pressure froma boiler
blowoff line. Also called flash tank.

Boi | er convection bank. A group of two or nore rows of tubes
formng part of a water boiler circulatory systemand to which
heat is transmtted mainly by convection fromthe products of
combusti on.
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Boi l er dry-back. The baffle provided in a firetube boiler
joining the furnace to the second pass. Constructed to be
separate fromthe pressure vessel and constructed of heat-
resistant material (generally refractory and insul ating
material ).

Boiler efficiency. The ratio of the net energy output of the
boiler fluid divided by the input of the primary energy
source(s).

Boi | er horsepower. The evaporation of 34-1/2 pounds of water per
hour froma tenperature of 212 degrees F into dry saturated steam
at the same tenperature. Equivalent to 33,472 Btu/hr

Boi | er wet-back. A conpleted water-cooled baffle provided in a
firetube boiler or water | eg construction covering the rear end
of the furnace and tubes. The products of conbustion |eaving the
furnace are turned in this area and enter the tube bank.

Bond. A retaining or holding high-tenperature cenent for making
a joint between brick or adjacent courses of brick.

Bone coal. Coal fromthat part of a seam which has a very high
ash content. In connection with anthracite, any material which
has between 40 and 75 percent fixed carbon.

Booster fan. A device for increasing the pressure of flow of a
gas (see Bl ower).

Boss. A raised portion of netal of small area and limted
t hi ckness on flat or curved netal surfaces.

Bottomair adm ssion. A nethod of introducing air to a chain or
traveling grate stoker under the stoker.

Breeching. A duct for the transport of the products of
conbustion between parts of a steamgenerating unit or to the
st ack.

Bridgewall. A wall in a furnace over which the products of
conmbustion pass.

Bridging. The accumul ati on of nonconbustible matter and sl ag

partially or conpletely blocking spaces or orifices between heat
absor bi ng tubes.
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British thernmal unit. The nean British thermal unit is 1/180 of
the heat required to raise the tenperature of 1 pound of water
from32 to 212 degrees F at a constant atnospheric pressure. It
is about equal to the quantity of heat required to raise 1 pound
of water 1 degree F (abbreviated Btu).

Broken coal. Anthracite coal size - through 4-3/8 inches, over
3-1/4-inch round nesh screen

Brown coal. A forner coal classification according to rank now
included in Lignite B

Buckstay spacer. A spacer for separating a pair of channels
whi ch are used as a buckst ay.

Buckwheat. Anthracite coal size:

1. Nunmber 1 (Buckwheat) - through 9/16-inch, over 5/16-inch
round nmesh screen

2. Nunber 2 (Rice) - through 5/15-inch, over 3/16-inch
round nmesh screen

3. Nunber 3 (Barley) - through 3/16-inch, over 3/32-inch
round mesh screen

4. Nunber 4 - through 3/32-inch, over 3/64-inch round nesh
screen.

5. Nunmber 5 - through 3/64-inch, round nesh screen.

Bul ge. A local distortion or outward swelling caused by internal
pressure on a tube wall or boiler shell while overheated. Also
applied to simlar distortion of a cylindrical furnace due to
external pressure when overheated provided the distortion is of a
degree that can be driven back

Bunp. A raised or flattened portion of a boiler drum head or
shell formed by fabrication, generally used for nozzle or pipe
attachnent s.

Bunker C oil. Residual fuel oil (No. 6 fuel oil) of high
viscosity commonly used in marine and stationary steam power
pl ant s.

Burner. A device for the introduction of fuel and air into a
furnace at the desired velocities, turbul ence, and concentration
to establish and naintain proper ignition and conbustion of the
fuel .
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1. Automatic burner - a burner that stops and starts
automatical |l y.

2. Burner, automatically ignited - one where main burner
fuel is automatically turned on and ignited.

3. Burner, manually ignited - one where fuel to the main
burner is turned on only by hand and ignited under supervision.

4. Burner, forced draft - a burner where air for conbustion
i's supplied above atnospheric pressure.

5. Burner, natural draft type - a burner which depends
principally upon the natural draft to induce into the burner the
air required for conbustion.

Bur ner wi ndbox. A pl enum chanber around a burner in which air
pressure i s maintained to ensure proper distribution and
di scharge of secondary air.

Bur ner wi ndbox pressure. The air pressure nmaintained in the
w ndbox or pl enum chanber.

Buttstrap. A narrow strip of boiler plate overlapping the joint
of two butted plates, used for connecting by riveting.

Bypass. A passage for a fluid, permtting a portion or all of
the fluid to flow around certain heat-absorbing surfaces over
which it would normally pass.

Caking. Property of certain coals to becone plastic when heated
and form | arge masses of coke.

Calorific value. The nunber of heat units |iberated per unit of
a fuel burned in a calorineter under prescribed conditions.

Calorinmeter. Apparatus for determning the calorific value of a
fuel.

Capacity. The manufacturer's stated output rate over a period of
time for which the boiler is designed to operate.

Capacity factor. The total output over a period of time divided
by the product of the boiler capacity and the time period.

Carbon. An elenment. The principal conbustible constituent of
nost fuels.
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Car bon conversion efficiency. An indictor of the degree to which
the fuel carbon conpounds are oxidized to CO».

Car boni zation. The process of converting coal to carbon by
removi ng ot her ingredients.

Carbon loss. The loss representing the unliberated therm
energy occasioned by failure to oxidize sone of the carbon in the
fuel .

Carbon residue. The carbon residue of a fuel is a neasure of the
carbonaceous material left after the volatile conpounds are
vaporized in the absence of air.

Casing. A covering of sheets of nmetal or other material such as
fire-resistant conposition board used to enclose all or a portion
of a steam generating unit.

Centrifugal collector. A nmechanical systemusing centrifuga
force to renbve aerosols froma gas streamor to dewater sl udge.

Centrifugal fan. A type of fan using a rotor or wheel within a
scroll type housing and discharging the air at a right angle to
the axis of the wheel.

Chain grate stoker. A stoker which has a noving endl ess chain as
a grate surface, onto which coal is fed directly from a hopper

Checker work. An arrangenent of alternately spaced brick in a
furnace with openings through which air or gas fl ows.

Chem cal feed pipe. A pipe inside a boiler drumthrough which
chemcals for treating the boiler water are introduced.

Chimey lining. The material which forns the inner surface of
t he chi mey.

Cnder. Particles of partially burned fuel fromwhich volatile
gases have been driven off, which are carried fromthe furnace by
t he products of conbustion.

Circular burner. A liquid, gaseous, or pulverized fuel burner
having a circul ar opening through the furnace wall.

Circulator. A pipe or tube to pass steamor water between boiler
drunms or headers. Also used to apply to tubes connecting headers
of horizontal water tube boilers with druns.

C ass. Rank of coal.
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Cl eanout door. A door placed so the accunul ated refuse may be
renmoved froma boiler setting, flue or chimey.

Clinker. A hard congeal ed nmass of fuel matter fused in the
furnace, usually sl ag.

Clinker chill. Any water-cooled wall surface, the major portion
of which is in contact with the edges of the fuel bed.

Clinkering. The formation of clinkers.
CWEB. Conputerized Mintenance Managenent System

Coal. Solid hydrocarbon fuel formed by anci ent deconposition of
woody substance under conditions of heat and pressure.

Cogeneration. The production of steam (or hot water) and/or
electricity for use by nultiple users generated froma single
sour ce.

Coki ng. The conversion by heating carbonaceous fuel,
particularly certain bitum nous coals, in the absence or near
absence of air to a coherent, firm cellular carbon product known
as coke.

Coking plate. A plate adjacent to a grate through which no air
passes and on which coal is placed for distilling the volatiles
before the coal is noved onto the grate.

Conmbusti bl e. The heat producing constituents of a fuel.

Conbustible in refuse. Conbustible matter in the solid refuse
resulting fromthe inconplete conbustion of fuel. It may occur
in the flue dust discharge fromthe stack or collected in
hoppers, as well as in ash-pit refuse.

Conbusti ble loss. The loss representing the unliberated therma
energy occasioned by failure to oxidize conpletely sonme of the
conbustible matter in the fuel

Conbustion. The rapid chem cal conbination of oxygen with the
conbustible elenments of a fuel resulting in the production of
heat .

Conmbusti on chanber. The space in which conbustion takes pl ace.
Al so called a furnace.
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Conmbustion efficiency. A nmeasure of the conpl eteness of

oxi dation of fuel conpounds. It is usually quantified as the
rati o of actual heat release by conbustion to the maxi num heat of
conbusti on avail abl e.

Conmbustion (flanme) safeguard. A systemfor sensing the presence
or absence of flanme and indicating, alarmng or initiating
control action.

Conpartnent. One of two or nore air chanbers in a w ndbox or
under the stoker from which air can be passed in controlled
gquantities.

Conpl ete conbustion. The conplete oxidation of the conmbustible
constituents of a fuel

Conduction. The transm ssion of heat through and by neans of
matt er unacconpani ed by any obvi ous notion of the matter.

Conductivity. The anount of heat (Btu) transmtted in one hour
t hrough one square foot of a honbgeneous material 1-inch thick
for a difference in tenperature of 1 degree F between the two
surfaces of the material.

Constant ignition. A pilot, usually gas, that remains |ighted at
full volume whether the main burner is in operation or not.

Conti nuous bl owmdown. The uninterrupted renoval of concentrated
boiler water froma boiler to control total solids concentration
in the remai ni ng water.

Control. Any manual or automatic device for the regulation of a
machi ne such as a boiler, to keep it at normal operation. |If
automatic, the device is notivated by variations in tenperature,
pressure, water level, tinme, light, or other influences.

Control elenment. A device (usually a valve or danper) which
produces a physical change according to an actuating signal.

Control, Ilimt. An automatic safety control responsive to
changes in liquid |level, pressure, or tenperature or position for
[imting the operation of the controlled equipnent.

Control, safety. Control (including relays, swtches, and other
auxi ltary equi pnment used in conjunction therewith to forma
safety control system) which is intended to prevent unsafe
operation of the controlled equipnent.
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Control unit. A device designed to regulate the fuel, air,
water, or electrical supply to the controlled equipnent. It may
be automatic, sem -automatic, or manual .

Control valve. A valve used to control the flow of air, oil, or
gas.

Convection. The transm ssion of heat by the circulation of a
[1quid or a gas such as air. Convection may be natural or
f or ced.

Corner firing. A nethod of firing liquid, gaseous, or pulverized
fuel in which the burners are |ocated in the corners of the
furnace. Also called tangential firing.

Corrosion. The wasting away of netals due to chem cal action in
a boiler usually caused by the presence of oxygen, carbon
di oxi de, or an acid.

Cracking. The thermal deconposition of conplex hydrocarbons into
si npl er conpounds or el enents.

Cricket. A wedge-shaped nenber of refractory or other
construction used to subdivide a channel into hopper-shaped
pocket s.

Criteria. The standards that the Environnental Protection Agency
(EPA) has established for certain pollutants, which not only
limt the concentration, but also set alimt to the nunber of

vi ol ati ons per year.

Crown sheet. In a firebox boiler, the plate formng the top of
t he furnace.

Cross limting. A feature of sone full netering systens which,
by means of high-low select controls, prevents fuel flow from
exceeding airflow under conditions of |oad changes or flow
changes of either air or fuel.

Crude oil. Unrefined petrol eum

Crusher. A machine to reduce lunps of solid fuel to a desired
maxi mum si ze.

Cycl one. A device which uses centrifugal action for separation
of materials of different densities.

Cycl one collector. A device that uses centrifugal force to pul
large particles frompolluted air.
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Danper. A device for introducing a variable resistance for
regul ating the volunetric flow of gas or air.

1. Butterfly type - a single blade danper pivoted about its
center.

2. Curtain type - a danper, conposed of flexible material,
moving in a vertical plane as it is rolled.

3. Flap type - a danper consisting of one or nore bl ades
each pivoted about one edge.

4. Louvre type - a danper consisting of several blades each
pi voted about its center and |inked together for sinultaneous
oper ati on.

5. Slide type - a danper consisting of a single blade which
moves substantially normal to the flow

Dead plate. A grate or plate through which no air passes (see
Coking Plate).

Deaeration. Renoval of air and gases from boiler feedwater prior
toits introduction to a boiler.

Deflector. A device for changing direction of a streamof air or
of a mxture of pulverized fuel and air.

Degasification. Renoval of air and gases from boiler feedwater
prior to its introduction to a boiler.

Degree of superheat. The nunber of degrees between steam
tenperature and saturated tenperature corresponding to the steam
pressure.

Del ayed conbustion. A continuation of conmbustion beyond the
furnace (see al so Secondary Conbustion).

Dem neralizer. An ion exchange device used to renove solids from
wat er .

Derivative (rate) controller. A controller in which the out put
signal level is directly proportional to the rate of change of
the error. This type of control is rarely used w thout integral
and/ or proportional control nobdes. Derivative control tends to
be hypersensitive to noise and other high frequency di sturbances.

Design load. The load for which steam generating unit is
desi gned, usually considered the maxi num |l oad to be carri ed.
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Design pressure. The pressure used in the design of a boiler for
t he purpose of determ ning the m ni num perm ssi bl e thickness or
physi cal characteristics of the different parts of the boiler.

Desi gn steam tenperature. The tenperature of steamfor which a
boi |l er, superheater, or reheater is designed.

De-slag. The renoval of slag which has adhered to heat-absorbi ng
sur f aces.

Desuper heater. See Attenperator.

Dew point. The tenperature at which condensation starts.

Di agonal stay. A brace used in firetube boilers between a fl at
head or tube sheet and the shell.

D aphragm A partition of netal or other material placed in a
header, duct, or pipe to separate portions thereof.

Differential (on/off control). The difference between "cut-in"
and "cut-out" points.

Diffuser. A device used to distribute airflow wi thin the burner
to pronote stable ignitions and/ or enhance fuel/air mxing. Also
called inpeller.

Direct-fired circulating system A systemin which fuel is
pul verized in proportion to the | oad demand and conveyed directly
fromthe pulverizers to the burners.

Digital control. A control systemthat utilizes a m croprocessor
or conputer to process and determ ne control decisions. Analog
signals are converted to digital words, processed, and then
converted to analog signals to ultimtely be transmtted to final
control el enents.

Di ssoci ation. The process by which a chem cal conpound breaks
down into sinpler constituents.

Di ssol ved gases. Gases which are in solution in water

Di ssol ved solids. Those solids in water which are in sol ution.

Distillate oil. Light fraction of oil which has been separated
fromcrude oil by fractional distillation

Distillation zone. The region, in a solid fuel bed, in which
vol atile constituents of the fuel are vaporized.
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Distilled water. Water produced by vaporization and condensati on
wth a resulting higher purity.

Distributed digital control. A control system characterized by
the integration of a central digital control area with one or
nmore renote digital control areas that are partially dedicated to
perform specified control, within their real mof operation.
Specified | evel s of communi cati on and operation may be controll ed
fromthe central area or any renote area. The concept of
distributed digital control is to prevent conplete systemfailure
due to a failure in any one area.

Double inclined grate. A grate consisting of two parts, so
pl aced and inclined to forma Figure "V."

Downconer. A tube or pipe in a boiler or waterwall circul ating
system t hrough which fluid fl ows dowward. See Supply Tube.

Draft. The difference between atnospheric pressure and sone
| ower pressure existing in the furnace or gas passages of steam
generating unit.

Draft control, baronetric. A device that controls draft by neans
of a bal anced danper which bleeds air into the breeching on
changes of pressure to maintain a steady draft.

Draft differential. The difference in static pressure between
two points in a system

Draft gage. A device for neasuring draft, usually in inches of
wat er .

Draft loss. The drop in the static pressure of a gas between two
points in a system both of which are bel ow at nospheric pressure,
and caused by resistance to flow.

Draft regulator. A device which functions to maintain a desired
draft in the appliance by automatically controlling the chi mey
draft to the desired val ue.

Drag plate. A plate beneath a traveling or chain grate stoker
used to support the returning grates.

Drag seal. 1In a chain grate stoker the hinged plate resting
agai nst the returning chain and used to seal the air
conpart nents.

Drain. A valved connection at the | owest point of the boiler or
pi ping systemfor the renoval of water.
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Drier. An apparatus for the renoval of part or all of the water
or noisture fromfuel or air.

Drum A cylindrical shell closed at both ends designed to
w thstand i nternal pressure.

Drum baffle. A plate or series of plates or screens placed
wthin a drumto divert or change the direction of the flow of
water or water and steam

Drum head. A plate closing the end of a boiler drumor shell.

Druminternals. Apparatus within a drum

Drum operating pressure. The pressure of the steam maintained in
the steam drum or steam and-water drum of a boiler in operation.

Dry air. Ar with which no water vapor is mxed. This termis
used conparatively, since in nature there is always sone water
vapor included in air, and such water vapor, being a gas, is dry.

Dry ash. Nonconbustible matter in the solid state, usually in
granul ar dust form

Dry, ash free basis. The nethod of reporting fuel analysis with
ash and noi sture elimnated and remai ni ng constituents
recal cul ated to total 100 percent.

Dry-bul b tenperature. The tenperature of the air indicated by
t hernoneter not affected by the water vapor content of the air.

Dry, fuel basis. The nethod of reporting fuel analysis with
moi sture elinmnated and other constituents recalculated to total
100 percent.

Dry gas. (Gas containing no water vapor.

Dry gas loss. The loss representing the difference between the
heat content of the dry exhaust gases and their heat content at
the tenperature of anbient air.

Dry |imestone process. An air pollution control nethod that uses
| i mestone to absorb the sul fur oxides in furnaces and stack
gases.

Dry, mneral-matter-free basis. The nmethod of reporting fuel
analysis wth noisture and ash, plus other mneral matter
elimnated and remaining constituents recal culated to total 100
per cent .
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Dry steam Steam containing no noisture. Comercially dry steam
is usually said to contain not nore than one-half of 1 percent
noi st ure.

Duct. A passage for air or gas flow
Dunp grate stoker. One equi pped with novable ash trays, or

grates, by nmeans of which the ash can be di scharged at any
desirabl e interval

Dunp plate. An ash supporting plate fromwhich ashes nay be
di scharged by rotation fromone side of the plate.

Dust. Fine grain particles |light enough to be suspended in air.

Dutch oven. A furnace that extends forward of the wall of a
boiler setting. It is usually of refractory construction with a
| ow roof, although in some cases the roof and side walls are
wat er cool ed.

Econom zer. A heat recovery device designed to transfer heat
fromthe products of conbustion to boiler feedwater.

Ej ector. A device which utilizes the kinetic energy in a jet of
wat er or other fluid to renove a fluid or fluent material from
t anks or hoppers.

Electric boiler. A boiler in which electric heating neans serve
as the source of heat.

El ectronic control. A control systemwhich primarily uses
el ectronic signals and solid state control devices.

El ectrostatic precipitator (ESP). An air pollution control
device that inparts an electrical charge to particles in a gas
stream causing themto collect on an el ectrode.

Enbrittl enment cracking. A formof netal failure that occurs in
steam boilers at riveted joints and at tube ends, the cracking
bei ng predom nantly intercrystalline in nature.

Em ssion factor. The relationship between the anmount of
pol l'uti on produced and the anount of fuel burned or raw materi al
processed.

Em ssion inventory. A listing, by source, of the anmpbunts of air
pol lutants di scharged into the atnosphere of a conmmunity daily.
It is used to establish em ssion standards.
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Em ssion standard. The maxi mum anount of discharge legally
allowed froma single source, nobile or stationary.

Entrai nnent. The conveying of particles of water or solids from
the boiler water by the steam

Envi ronment. The sum of external conditions affecting the life,
devel opnent, and survival of an organism

Environnmental inpact statenent. A docunent required of Federal
agencies by the National Environnental Policy Act for major
projects or legislative proposals. They are used in making
deci si ons about the positive and negative effects of the
undertaking, and list alternatives.

E/ P transducer. A transducer used to convert a voltage signa
into a pneumatic signal.

Equal i zer. Connections between parts of a boiler to equalize
pressures.

Erosion. The wearing away of refractory or of netal parts,
typically by the action of slag or fly ash.

Error. The difference between a neasured property and its set
point. This error calculation is usually an integral part of an
automatic controller.

Evaporated makeup. Distilled water used to suppl enent returned
condensate for boiler feedwater.

Evaporation rate. The nunber of pounds of water evaporated in a
unit of tine.

Evase stack. An expandi ng connection on the outlet of a fan or
in an airflow passage for the purpose of converting kinetic
energy to potential energy, i.e., velocity pressure into static
pressure.

Excess air. Air supplied for conmbustion in excess of that
theoretically required for conplete oxidation.

Exhauster. A fan used to wthdraw air or gases under suction.

Exhaust steam Steam di scharged froma prinme nover

Expanded joint. The pressure-tight joint fornmed by enlarging a
tube end in a tube seat.
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Expansion joint. A joint to permt novenent due to expansion
w t hout undue stress.

Expl osi on. Uncontroll ed conbustion which proceeds so rapidly
that a high pressure is generated suddenly.

Expl osi on door. A door in a furnace or boiler setting designed
to be opened by predeterm ned gas pressures.

Ext ended surface. Heating surface in the formof fins, rings, or
studs, added to heat absorbing el enents.

External treatnment. Treatnent of boiler feedwater prior to its
introduction into the boiler.

Fan. A nmachine consisting of a rotor and housing for noving air
or gases at relatively |low pressure differentials.

Feedback. A signal produced by a nmeasuring device which is
proportional to the magnitude of a controlled variable or
position of a control elenent. When conbined with a set point
signal, the required anmount of control of a variable is indicated
and serves as an input to an automatic controller.

Feed pi pe. A pipe through which water is conducted into a
boi l er.

Feedwater. Water introduced into a boiler during operation. It
i ncl udes makeup and return condensate.

Feedwater treatnent. The treatnent of boiler feedwater by the
addition of chemcals to prevent the formation of scale or
el im nate other objectionable characteristics.

Ferrule. A short netallic ring rolled into a tube hole to
decrease in dianmeter or rolled inside of a rolled tube end. Also
a short netallic ring for making up handhol e joints.

Filter. Porous material through which fluids or fluid and solid
m xtures are passed to separate matter held in suspension.

Filtration. Renoving particles of solid materials fromfl uids.

Fin. Usually a strip of steel welded longitudinally or
circunferentially to a tube.

Fi neness. The percentage by weight of a standard sanple of a
pul veri zed material which passes through a standard screen of
speci fi ed nesh when subjected to a prescribed sanpling and
screeni ng procedure (ASTM D197).
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Fines. Sizes below a specific range.

Fin tube. A tube with one or nore fins.

Fin tube wall. Spaced waterwall tubes on which flat netal
extensions are welded in a plane parallel to the wall.

Fi rebox. The equivalent of a furnace. A termusually used for
the furnaces of |oconotives and simlar types of boilers.

Fire crack. A crack starting on the heated side of a tube,
shel |, or header resulting from excessive tenperature stresses.

Fired pressure vessel. A pressure vessel in which steam or hot
water is generated by the application of heat resulting fromthe
conmbustion of fuel.

Fire tube. A tube in a boiler having water on the outside and
carrying the products of conbustion on the inside.

Firing door. A door in a furnace through which coal or other
solid fuel is introduced into the furnace.

Firing rate control. A pressure or tenperature flow controller
whi ch controls the firing rate of a burner according to the
deviation frompressure or tenperature set point.

Fi xed ash. The portion of the ash derived fromthe original
vegetation including intimately contai ned m nerals.

Fi xed carbon. A conponent of the proxinmate analysis of a solid
fuel. The carbonaceous residue | ess the ash remaining in the
test container after the volatile matter has been driven off.

Fi xed grate. A grate which does not have novenent.

Fl ame detector. A device which indicates if fuel is burning or
if ignition has been lost. The indication may be transmtted to
a signal or to a control system

Flame form ng. The technique of shaping the geonetry of a flane.

Fl ame i npi ngenent. The substantially continuous contact upon a
surface by flanme which results in formation of hard carbonaceous
deposits and which may result in localized inconplete conbustion.
Fl ame i npingenent is a condition of firing which may cause
failure and/ or excessive mai ntenance of conbustion chanber wall
surf aces.

Flanmability. Susceptibility to conmbustion
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Flammability limts. The [imting (upper and | ower) honbgeneous
conposition of a conbustible m xture of gas and air beyond which
the mxture will not ignite and continue to burn. The |ower
l[imt represents the smallest proportion of gas in air that can
burn wi thout the continuous application of heat. The higher
l[imt represents the |argest proportion of gas in air that can
burn wi thout the continuous application of heat.

Fl ared tube end. The projecting end of a rolled tube which is
expanded or rolled to a conical shape.

Fl ashi ng. Steam produced by di scharging water at saturation
tenperature into a region of |ower pressure.

Fl ash point. The flash point of a liquid is an indication of the
maxi mum tenperature at which it can be stored and handl ed w t hout
serious fire hazard.

Fl ash tank. See Boil er Bl owoff Tank.
Flue. A passage for products of conbustion.

Flue dust. The particles of gas-borne solid matter carried in
t he products of conbustion.

Fl ue gas. The gaseous products of conbustion in the flue to the
st ack.

Flue gas recirculation. The reintroduction of part of the
conbustion gas at a point upstream of the renoval point in the
furnace for the purpose of controlling steamtenperature or for
NQ, control.

Fl ui di zed bed conbustion. A process where a fuel is burned in a
bed of granul ated particles which are maintained in a nobile
suspension by the forward flow of air and conbustion products.

Fly ash. Suspended ash particles carried in the flue gas.

FIl'y ash collector. A device designed to renove fly ash in dry
formfromflue gas.

Foam ng. The continuous formation of bubbl es which have
sufficiently high surface tension to remain as bubbl es beyond the
di sengagi ng surface.

Forced draft (FD) fan. A fan supplying air under pressure to the
fuel burning equi pnment.
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Forced draft (FD) stoker. A stoker in which the flow of air
through the grate is caused by a pressure produced by nmechani cal
nmeans.

Fouling. The accunul ation of solid matter in gas passages or on
heat absorbing surfaces which results in undesirable restrictions
to the flow of gas or heat.

Free nmoisture. See Surface M sture.

Friability. The tendency of a coal to crunble or break into
smal | pi eces.

Front di scharge stoker. A stoker so arranged that refuse is
di scharged fromthe grate surface at the sane end as the coa
f eed.

Fuel . A substance containing conbustible matter, and used for
generating heat.

Fuel -air ratio. The ratio of the weight or volume of fuel to
air.

Fuel bed. Layer of burning fuel on a furnace grate.

Fuel bed resistance. The static pressure differential across a
fuel bed.

Fuel oil. Any hydrocarbon oil as defined by ASTM D396

Fuel oil grades. 1. Gade No. 1 is alight distillate intended
for use in burners of the vaporizing type in which the oil is
converted to a vapor by contact with a heated surface or by
radiation. H gh volatility is necessary to ensure that
evaporation proceeds with a m ni num of residue.

2. Gade No. 2 is a heavier distillate than grade No. 1
It is intended for use in atom zing type burners which spray the
oil into a conbustion chanber where the tiny droplets burn while
in suspension. This grade of oil is used in nost donestic
burners and in many nmedi um capacity comrerci al -i ndustrial burners
where its ease of handling and ready availability sonetines
justify its higher cost over the residual fuels.

3. Grade No. 4 (light) is usually residual but it sonetines
is a heavy distillate. It is intended for use both in pressure-
atom zing commerci al -industrial burners not requiring higher cost
distillates and in burners equi pped to atom ze oils of higher
viscosity. |Its permssible viscosity range allows it to be
punped and atom zed at relatively | ow storage tenperatures
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4. Gade No. 4 is usually a light residual, but it is a

heavy distillate. It is intended for use in burners equi pped
W th devices that atom ze oils of higher viscosity than donestic
burners can handle. |Its permssible viscosity range allows it to

be punped and atom zed at relatively | ow storage tenperatures.
Thus, in all but extrenely cold weather, it requires no
preheating for handling.

5. Grade No. 5 (light) is residual fuel of internediate
viscosity for burners capable of handling fuel nore viscous than
grade No. 4 without preheating. Preheating nmay be necessary in
sone types of equi pnent for burning and in colder climtes for
handl i ng.

6. Gade No. 5 (heavy) is a residual fuel nore viscous than
grade No. 5 (light) and is intended for use in simlar service.
Preheating may be necessary in sone types of equi pnent for
burning and in colder climtes for handling.

7. Gade No. 6, sonmetines referred to as "Bunker C/" is a
hi gh-vi scosity oil used nostly in comrercial and industrial
heating. It requires preheating in the storage tank to permt

punpi ng, and additional preheating at the burner to permt
atom zing. The extra equi pnent and mai ntenance required to
handl e this fuel usually preclude its use in small installations.

Full netering. Conbustion control systemin which air-to-fuel
rati os are maintai ned by neasuring both air and fuel with a flow
measuring device. Full metering systens can contain many ot her
features such as cross limting or oxygen trim

Furnace. See Conbustion Chanber.

Furnace draft. The draft in a furnace, neasured at a point
imediately in front of the furnace outlet.

Furnace liberation rate. The total quantity of thermal energy
above a fixed datumintroduced into a furnace by the fuel,
considered to be the product of the hourly fuel rate, and its
hi gh heat val ue, divided by furnace vol une, expressed in Btu per
hour per cubic foot of furnace vol une.

Furnace rel ease rate. The heat avail abl e per square foot of heat
absorbing surface in the furnace. That surface is the projected
area of tubes, and extended netallic surfaces on the furnace side
including walls, floor, roof, partition walls, and platens and
the area of the plane of the furnace exit which is defined as the
entrance to the convection tube bank.
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Furnace sl ag screen. A screen formed by one or nore rows of
tubes arranged across a furnace gas outlet, serving to create an
ash cooling zone for the particles suspended in the products of
conmbustion | eaving the furnace.

Furnace volune. The cubic contents of the furnace or conbustion
chanmber.

Fused slag. Slag which has coal esced into a honogenous solid
mass by fusing.

Fusi ble plug. A hollowed threaded plug having the hol | owed
portion filled with a low nelting point material, usually |ocated
at the | owest perm ssible water |evel.

Fusibility. Property of slag to fuse and coal esce into a
honbgeneous nBss.

Fusion. The nelting of a solid material such as ash.

Gage cock. A valve attached to a water colum or drum for
checki ng water |evel.

Gage glass. The transparent part of a water gage assenbly
connected directly or through a water colum to the boiler, bel ow
and above the water line, to indicate the water level in the
boi | er.

Gage pressure. The pressure above atnospheric pressure.

Gag, safety valve. A clanp designed to prevent a safety valve
fromlifting while applying a hydrostatic test at higher pressure
than the safety val ve setting.

Gas analysis. The determ nation of the constituents of a gaseous
m xt ure.

Gas burner. A burner for use with gaseous fuel.

Gasification. The process of converting solid or liquid fuel
into a gaseous fuel such as the gasification of coal.

Gas ring. Acircular device with nultiple openings or orifices
arranged to admt or distribute gaseous fuels into a burner
t hr oat .

Cenerating tube. A tube in which steamis generat ed.

Grade. Coal classification according to quality.
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Grain loading. The rate at which particles are emtted froma
pol I uti on source; neasurenent is nmade by the nunber of grains per
cubic foot of gas emtted. Also called particul ate | oadi ng.

G anul ar ash. Small particles of dry ash.

Grate. The surface on which fuel is supported and burned, and
t hrough which air is passed for conbustion.

Grate bars. Those parts of the fuel supporting surface arranged
to admt air for conbustion

Gavity. 1. Weight index of fuels: [|iquid petroleum products
expressed either as specific or APl (Anerican Petrol eum
Institute) gravity.

2. Weight index of gaseous fuels as specific gravity
related to air under specific conditions.

3. Weight index of solid fuels as specific gravity related
to water under specific conditions.

G ooved tube seat. A tube seat having one or nore shall ow
grooves into which the tube may be forced by the expander.

G oup. A subclassification of coal by rank.

Hand auto station (H A station). A device for routing a contro
signal to a final control element. The signal can be froma
control system (auto position) or be entered manually to any
desired | evel (manual position).

Hand fired grate. A grate on which fuel is placed manually,
usual Iy by neans of a shovel.

Handhol e. An opening in a pressure part for access, usually not
exceeding 6 inches in |ongest dinension.

Handhol e cover. A handhol e cl osure.

Hand | ance. A manually manipul ated | ength of pipe carrying air,
steam or water for blow ng ash and slag accunul ati ons from heat
absor bi ng surfaces.

Har dness. A neasure of the anmount of cal cium and nmagnesi um salts

in boiler water. Usually expressed as grains per gallon or ppm
as CaCo,.
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Hard water. Water which contains cal ciumor magnesiumin an
anount which requires an excessive anount of soap to forma
| at her.

Header. A chanber for the collection and/or distribution of
fluid to or froma nultiplicity of parallel flow parts.

Heat avail able. The thermal energy above a fixed datumthat is
capabl e of being absorbed for useful work. In boiler practice,
the heat available in the furnace is usually taken to be the

hi gher heating value of the fuel for conbustion corrected by
subtracting radi ation | osses, unburned conbustible, |atent heat
of the water in the fuel or formed by the burning of hydrogen,
and addi ng sensible heat in the air, all above anbi ent

t enper at ur es.

Heat bal ance. An accounting of the distribution of the heat
i nput and out put.

Heat exchanger. A vessel in which heat is transferred from one
medi um t o anot her.

Heating surface. That surface which is exposed to the heating
medi um for absorption and transfer of heat to the heat nedium

Heat recovery boiler. See Waste Heat Boiler.

Heavy netals. Metallic elenments such as nmercury, chrom um
cadm um arsenic, and |lead, with high nolecular weights. They
can damage living things at | ow concentrations and tend to
accunmul ate in the food chain.

Hi gh gas pressure switch. A switch to stop the burner if the gas
pressure is too high.

H gher heating value (HHV). The total heat obtained fromthe
conbustion of a specified anount of fuel which is at 6 degrees F
when conbustion starts, and the conmbustion products of which are
cooled to 60 degrees F before the quantity of heat released is
measured (see also Calorific Value and Lower Heat Val ue).

Hopper. A changer or bin used for holding solid fuel or refuse.

Hopper bottom furnace. A furnace bottomw th one or nore
inclined sides formng a hopper for the collection of ash and for
t he easy renoval of sane.
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Hori zontal firing. A nmeans of firing |liquid, gaseous or

pul verized fuel, in which the burners are so arranged in relation
to furnace as to discharge the fuel and air into the furnace in
approximately a horizontal direction.

HRT. Hori zontal return tubul ar.

Hydr ocarbon. A chem cal conpound of hydrogen and carbon.

Hydrostatic test. A strength and tightness test of a closed
pressure vessel by water pressure.

Igniter. A burner smaller than the main burner, which is ignited
by a spark or other independent and stable ignition source, and
whi ch provides proven ignition energy required to light off the
mai n bur ner.

Ignition. The initiation of conbustion.
Ignition arch. A refractory arch or surface | ocated over a fuel

bed to radiate heat and the rapidity of ignition. Usually used
wth a low volatile fuel such as anthracite coal

Ignition period. See Trial for Ignition.

Ignition tenperature. Lowest tenperature of a fuel at which
conbusti on becones sel f sust ai ni ng.

Ignition torch. See Lighting-Of Torch

| nconpl ete conbustion. The partial oxidation of the conbustible
constituents of a fuel

| nduced draft (ID) fan. A fan exhausting hot gases fromthe heat
absor bi ng equi prent.

| nert gaseous constituents. |nconbustible gases such as nitrogen
whi ch may be present in a fuel

I nhibitor. A substance which selectively retards a chem cal
action.

Injector. A device utilizing a steamjet to entrain and deliver
feedwater into a boiler.

I nl et boxes. An integral part of a fan enclosing the fan inlet
or inlets to permt attachnment of the fan to the duct system
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| nspection door. A small door in the outer enclosure so that
certain parts of the interior of the apparatus may be observed.

Insulation. A material of |low thermal conductivity used to
reduce heat | osses.

Integral (reset) controller. A controller in which the rate of
change of the output is directly proportional to the error. An
integral controller will always attenpt to drive the error to
zero. The units of the constant of proportionality are usually
expressed either in repeats per mnute or mnutes per repeat.

Interl ock. A device to prove the physical state of a required
condition and to furnish that proof to the primary safety control
circuit.

Intermttent bl omdown. The bl ow ng down of boiler water at
i nterval s.

Intermttent ignition. An igniter which burns during Iight-off
and while the main burner is firing, and which is shut off with
t he mai n burner.

Internal -m x oil burner. A burner having a m xi ng chanber in
whi ch high velocity steamor air inpinges on jets of incom ng
liquid fuel. The fuel is then discharged in a conpletely
atom zed form

Internal treatnment. The treatnent of boiler water by introducing
chemcals directly into the boiler.

Interrupted ignition. An igniter which burns during |ight-off,
and which is shut off (interrupted) during normal operation of
t he mai n burner.

| ntertube burner. A burner which termnates in nozzle
di schargi ng between adj acent waterwall tubes.

lon. A charged atom or radical which nmay be positive or
negati ve.

| on exchange. A reversible process by which ions are
i nt erchanged between solids and a liquid, with no substanti al
structure changes of the solid.

Junper tube. A short tube connection for bypassing, routing, or
directing the flow of fluid as desired.

Lagging. A covering, usually netallic to protect insulating
material, on boilers, pipes, or ducts.
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Lance door. A door through which a hand | ance may be inserted
for cleaning heating surfaces.

Latch switch. A control to prevent fuel valve opening if the
burner is not secured in the firing position.

LEA. Low excess air.

Leakage. The uncontrolled quantity of fluid which enters or
| eaves through the enclosure of air or gas passage.

Li ganent. The m ni mum cross section of solid netal in a header,
shell, or tube sheet between two adjacent holes.

Li ghting-off torch. A torch used for igniting fuel froma
burner. The torch may consi st of asbestos w apped around an iron
rod and saturated with oil or may be a small oil or gas burner.

Lignite A A coal of |ow ASTM cl assification by rank with
calorific value imts on a noist, mneral-matter-free basis
bet ween 6, 300 and 8, 300 Btu per pound.

Lignite B. A coal of |owest ASTM cl assification by rank with
calorific value imts on a noist, mneral-matter-free basis |ess
than 6,300 Btu per pound.

Lining. The material used on the furnace side of a furnace wall.
It is usually high grade refractory tile or brick or plastic
refractory material.

Link. An elenent of the chain of a chain grate stoker.

Live steam Steam which has not perforned any of the work for
which it was generated.

Load. The actual instantaneous output rate of a boiler.

Long flame burner. A burner fromwhich the fuel enmerges in such
a condition, or one in which the air for conbustion is admtted
in such a manner, that the two do not readily mx, resulting in a
conparatively long flane.

Low draft switch. A control to prevent burner operation if the
draft is too low Used primarily with nechanical draft.

Lower heat value (LHV). The higher heating value (HHV) m nus the
| at ent heat of vaporization of the water formed by the oxidation

of hydrogen bearing conpounds in the fuel and the vaporization of
water in the fuel
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Lowfire start. The firing of a burner with controls in a | ow
fire position to provide safe operating condition during
light-off.

Low gas pressure switch. A control to stop the burner if gas
pressure is too | ow.

Low oil tenperature switch (cold oil switch). A control to
prevent burner operation if the tenperature of the oil is too
| ow.

Low water cutoff. A device to stop the burner on unsafe water
conditions in the boiler.

LPG  Liquefied petrol eum gas.

LTW Low tenperature water.

Lug. Any projection used for supporting or grasping.

Lum nosity. Em ssive power with respect to visible radiation.

Makeup. The water added to boiler feed to conpensate for that
 ost through exhaust, blowdown, |eakage, etc.

Manhead. The head of a boiler drum or other pressure vessel
havi ng a manhol e.

Manhol e. The opening in a pressure vessel of sufficient size to
permt a man to enter.

Mani fold. A pipe or header for collecting a fluid from or the
distributing of a fluid to a nunber of pipes or tubes.

Measuri ng device. Any device used to indicate the nagnitude of a
property (such as flow rate).

Mechani cal atom zing oil burner. A burner which uses the
pressure of the oil for atom zing.

Mechani cal draft. The negative pressure created by nmechani cal
neans.

Mechani cal efficiency. The ratio of power output to power input.

Mechani cal stoker. A device consisting of a nmechanically
operated fuel feeding mechanismand a grate, used for the purpose
of feeding solid fuel into a furnace, distributing it over a
grate, admtting air to the fuel for the purpose of conbustion,
and providing a neans for renoval or discharge of refuse.
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1. Overfeed stoker - a stoker in which fuel is fed onto
grates above the point of air adm ssion to the fuel bed.
Overfeed stokers include:

(a) Front feed, inclined grate - a stoker in which fuel
is fed fromthe front onto a grate inclined downwards toward the
rear of the stoker.

(b) Side feed, double inclined grate - a stoker in
which fuel is fed fromboth sides onto grates inclined downwards
towards the centerline of the stoker.

(c) Chain or traveling grate - a stoker having a noving
endl ess grate which conveys fuel into and through the furnace
where it is burned, after which it discharges the refuse.

(d) Vibragrate - an inclined vibrating stoker in which
fuel is conveyed into and through the furnace where it is burned,
after which it discharges the refuse.

2. Spreader stoker - a stoker that distributes fuel into
the furnace froma | ocation above the fuel bed with a portion of
the fuel burned in suspension and a portion on the grates.

Spr eader stokers include:

(a) Stationary grate - a stoker in which fuel is fed
onto a fixed position grate.

(b) Dunp grate - a stoker in which fuel is fed onto a
nonnovi ng grate which is arranged to allow intermttent discharge
of refuse through tilting action of the grate bars.

(c) Continuous ash discharge or traveling grate - a
stoker in which fuel is fed onto a noving endl ess grate which
conveys the fuel into and through the furnace where it is burned,
after which it discharges the refuse.

3. Underfeed stoker - a stoker in which fuel is introduced
through retorts at a | evel below the location of air adm ssion to
the fuel bed. Underfeed stokers are divided into three general
cl asses, as follows:

(a) A side ash discharge underfeed stoker is a stoker
having one or nore retorts which feed and distribute fuel onto
side tuyeres or a grate through which air is admtted for
conmbustion, and over which the ash is discharged at the side
parallel to the retorts.
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(b) A rear discharge underfeed stoker is a stoker
having a grate conposed of transversely spaced underfeed retorts,
which feed and distribute solid fuel to internediate rows of
tuyeres through which is admtted air for conbustion. The ash is
di scharged fromthe stoker across the rear end.

(c) A continuous ash discharge underfeed stoker is one
in which the refuse is discharged continuously fromthe normally
stationary stoker ash tray to the ash pit, w thout the use of
mechani cal nmeans ot her than the normal action of the coal feeding
and agitating nechanism

Met a-anthracite. Hi ghest coal classification according to rank.
Dry fixed carbon 98 percent or nore and dry volatile matter 2
percent or less, on a mneral-matter-free basis.

M croprocessor control. Uilizes a small m croconputer chip to
performrequirenments of a systemcontrol package. The

m croprocessor containers support chips to store necessary
control systeminstructions in what is called nenory. Usually,
changes in systemlogic can be perfornmed without any rewiring or
conponent changes.

Mneral matter-free basis. The nmethod of reporting coal analysis
wher eby the ash plus other mnerals which are in the original

coal are elimnated and the other constituents recalculated to
total 100 percent.

Moi sture. Water in the |iquid or vapor phase.

Mbi sture and ash free basis. Method of reporting coal analysis.
See Dry, Ash Free Basis.

Moi sture in steam Particles of water carried in steam Usually
expressed as the percentage by weight.

Moi sture loss. The loss representing the difference in the heat
content of the noisture in the exit gases and that at the
tenperature of the anbient air.

Monitoring. Periodic or continuous sanpling to determ ne the
[ evel of pollution.

Monolithic baffle. A baffle of poured or rammed refractory
mat eri al .

MSS. Manufacturers Standardi zati on Society.
MIW  Medi um t enper ature water.
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MV Mol ecul ar wei ght.

Mud or lower drum A pressure chanber of a drum or header type

| ocated at the lower extremty of a water-tube boiler convection
bank which is normally provided with a blowff valve for periodic
bl owi ng of f of sedinent collecting in the bottom of the drum

Mul tifuel burner. A burner by neans of which nore than one fuel
can be burned either separately or sinultaneously, such as
pul verized fuel, oil, or gas.

Mul ti - pass arrangenent. Heat absorbing surfaces so baffled as to
provide two or nbre passes in series.

Mul tiple retort stoker. An underfeed stoker consisting of two or
nore retorts, parallel and adjacent to each other, but separated
by a line of tuyeres, and arranged so that the refuse is

di scharged at the ends of the retorts.

Mul tiport burner. A burner having a nunber of nozzles from which
fuel and air are discharged.

Natural circulation. The circulation of water in a boiler caused
by differences in density; also referred to as thermal or
thermal Iy i nduced circul ation.

Natural draft stoker. A stoker in which the flow of air through
the grate is caused by the difference of pressure between the
furnace and the at nosphere.

Nat ural gas. Gaseous fuel occurring in nature.

NDI R. Non-di spersive infrared.

Net fan requirenents. The cal cul ated operating conditions for a
fan excl udi ng tol erances.

Neutral atnmosphere. An atnosphere which tends neither to oxidize
nor reduce i mersed material s.

NQ,. A notation nmeani ng oxides of nitrogen.

NQ, port air. Air that is added downstream of the primary
combusti on zone to achi eve off-stoichionetric conbustion and
reduce NQ, em ssi ons.

Nozzle. A short flanged or wel ded neck connection on a drum or
shell for the outlet or inlet of fluids; also a projecting spout
for the outlet or inlet of fluids; also a projecting spout
t hrough which a fluid fl ows.
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NPS. Nom nal pipe size.

Nut. Anthracite coal designation through 1-5/8-inches over
15/ 16-i nch round nmesh screen. Bitum nous coal size designation
by sone chosen screen nesh size as 2 inches by 3/4 inch.

Nut and sl ack. A conbination of nut and slack coal, such as 2
inches by 3/4 inch nut plus 3/4 inch by slack (see Sl ack).

CD. Cutside dianeter.
Q1 burner. A burner for firing oil

Q1 cone. The cone of finely atom zed oil discharged froman oi
atom zer

Ol heater. A heat exchanger utilizing steam hot water, or
electricity to heat oil to the desired viscosity.

Ol heating and punping set. See Punp and Heater Set.

Opacity. The degree to which em ssions reduce the transm ssion
of light and obscure the view of an object in the background.
Usual | y defined as a nunber between 0 and 100 percent. At O
percent, light is conpletely unobstructed and at 100 percent,
light is conpletely obstructed (opacity nunbers with respect to
boil er em ssions are not intended to include the effect of
condensi ng water vapor). See Snoke Nunber, Ri nglemann and Snoke
Spot Nunber, Bacharach.

Open furnace. A furnace, particularly as applied to chain or
traveling grate stoker containing essentially no arches.

Organic matter. Conpounds containing carbon often derived from
[1ving organi sns.

Oifice. 1. The opening fromthe whirling chanber of a
mechani cal atom zer or the m xi ng chanber of a steam atom zer
t hrough which liquid fuel is discharged.

2. A device inserted into a pipeline to create a pressure
drop to be used for the purpose of neasuring fluid flow

Orsat. A gas-anal ysis apparatus in which certain gaseous
constituents are neasured by absorption in separate chem ca
sol utions.

Overfire air. Air for conbustion admtted into the furnace at a
poi nt above the fuel bed.
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Overfire air fan. A fan used to provide air to a conbustion
chanber above the fuel bed.

Oxi dant. A substance containing oxygen that reacts chemcally in
air to produce a new substance.

Oxi dation. Chem cal conbination wth oxygen

Oxi di zi ng at nosphere. An at nosphere which tends to pronote the
oxi dation of inmmersed materials.

Oxygen attack. Corrosion or pitting in a boiler caused by
oxygen.

Packaged steam generator. A boiler equipped and shipped conplete
w th fuel burning equipnment, nmechanical draft equipnent,
automatic controls and accessori es.

Packed tower. A pollution control device that forces dirty air
through a tower packed with | oose pellet-like material of various
shapes or a fixed grid type material, while liquid is sprayed
over the packing material. Pollutants in the air streameither
di ssolve or chemcally react wwth the |iquid.

Pad. See Boss. A pad is larger than a boss and is attached to a
pressure vessel.

Parallel flow burner. A type or class of burners which includes
the venturi burner. The burner is characterized by the | ack of
regi ster spin louvers and normally has a venturi section to

strai ghten, balance, and in sone cases, neter airflow The flane
is stabilized by either a diffuser, spinner, or bluff body.

Parall el positioning. Fuel and air control elenents have
separate actuators responding to the sanme | oad signal

si mul taneously. At |east one of the actuators has a positioner
to set air-fuel ratio with | oad.

Particulates. Fine liquid or solid particles such as dust,
snoke, mst, funmes, or snog found in the air or em ssions.

Pass. A confined passageway through which a fluid, gas, or
products of conbustion flows in essentially one direction.

Pea. Anthracite or bitum nous coal size. |In anthracite through
13/16 inch over 9/16 inch round hole screen; in bitum nous 3/4
inch by 3/8 inch.

Peak | oad. The maxinmum | oad carried for a stated period of tine.
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Peep hole. A small hole in a door covered by a novabl e cover.

Petroleum Naturally occurring mneral oil consisting
predom nately of hydrocarbons.

pH A neasure of the acidity or alkalinity of a material,
liquid, or solid. pHis represented on a scale of 0O to 14 with 7
being a neutral state, 0 nost acid and 14 nost al kal i ne.

Pilot. See Igniter.

Pilot flame establishing. The length of time fuel is permtted
to be delivered to a proved pilot before the flanme-sensing device
is required to detect pilot flane.

Pilot, proved. A pilot flame which has been detected by flane
failure controls.

Pilot stabilization period. A tine interval synonynobus on nost
systens today with tined trial for pilot ignition. WMdern
programmers prevent main val ve operation for a specified nunber
of seconds after comrencenent of trial for pilot ignition even
t hough pilot is imedi ately proved.

Pitting. A concentration attack by oxygen or other corrosive
chem cals on a boiler, producing a |localized depression in the
met al surface.

Pl enum An encl osure through which gas or air passes at
relatively | ow velocities.

Pneumatic control. Utilizes gas pressure (usually air) as the
primary notive force for control elenents, and as the signal

bet ween control devices. The maxi nrum and m ni num pressures are
usual ly 3 and 15 psig, but can be other values as well.

Pneumati c conveying. The transportation of fuel through a
conduit by air.

Poppi ng pressure. The pressure at which a safety val ve opens.

Port. An opening through which fluid passes.

Position indicator. A device which provides neans for
determning a control elenent position.

Pour point. An indication of the |owest tenperature at which
liquid fuels can be stored and still be capable of flow ng under
gravitational forces.
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Power input. The energy required to drive auxiliary equi pnent,
expressed in brake horsepower delivered to shaft or kilowatts to
drive notor.

Parts per mllion. A nethod of expressing tiny concentrations.
In air or flue gas, usually a volune/volune ratio; may al so be
used as a wei ght/weight or a weight/volune ratio (abbreviated

ppm .

Precipitate. To separate materials froma solution by the
formati on of insoluble matter by chem cal reaction. The material
whi ch is renoved.

Precipitator. An ash separator and collector of the
el ectrostatic type.

Preheated air. Air at a tenperature exceeding that of the
anbient air.

Pressure drop. The difference in pressure between two points in
a system

Products of conbustion. The gases, vapors, and solids resulting
fromthe conbustion of fuel

Progranmmabl e controller. Simlar to m croprocessor control, but
utilizing a sinplified nmethod of entering instructions into
menory (abbreviated PC).

Programtinmer. A timng device which actuates a series of
sw tches in programed sequence.

Projected grate area. The horizontal projected area of the
stoker grate.

Proportional control. A node of control in which there is a
continuous linear relation between value of the controller
vari abl e and position of the final control elenent (nodulating
control).

Proportional controller. A controller in which the position of
the output is directly proportional to the error. The constant
of proportionality is called gain and usually expressed in
percent. In practice, proportional controllers are usually
conbined with integral action to elimnate residual error (see
Integral (Reset) Controller).

Puff. A mnor conbustion explosion within the boiler furnace or
setting.
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Pul sation. Rapid fluctuations in furnace pressure.

Pul verizer. A nachine which reduces a solid fuel to a fineness
suitable for burning in suspension.

Punps and heater set. Assenbled unit consisting of oil heater,
fuel punp, strainer, valve, and piping and tenperature controls.
May be either sinplex or duplex arrangenents.

Punp, automatic oil. A punp which automatically punps oil from
the supply tank and delivers the oil under a constant head to an
oi | - burni ng appliance.

Punp, oil transfer. An oil punp, automatically or manually
operated, which transfers through continuous piping froma supply
tank to an oil burning appliance or to an auxiliary tank.

Purge. To introduce air into the furnace and the boiler flue
passage in such volune and manner as to conpletely replace the
air or gas-air mxture contained therein.

Purge nmeter interlock. A flow neter so arranged that an airfl ow
t hrough the furnace above a m ni num anount nust exist for a
definite time interval before the interlocking systemw || permt
an automatic igniter to be placed in operation.

Purge, post. A nethod of scavenging the furnace and boiler
passes to renove conbustible gases after flame failure controls
have sensed pilot and mai n burner shutdown and safety shutoff
val ves are cl osed.

Purge, preignition. A nmethod of scavenging the furnace and
boi |l er passes to renove conbusti bl e gases before the ignition
system can be energi zed.

Purity. The degree to which a substance is free of foreign
material s.

Pusher. A device for giving notion to fuel bed by reciprocating
nmotion, such as noving block in the bottomof a retort.

Pyrites. A conpound of iron and sulfur naturally occurring in
coal .

Radi ati on | oss. A conprehensive termused in a boiler unit heat
bal ance to account for the conduction, radiation, and convection
heat | osses fromthe settings to the anbient air.

Ram A form of plunger used in connection with underfeed stokers
to introduce fuel into retorts. See also Pusher.
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Rank. Method of coal classification based on the degree of
progressive alteration in the natural series fromlignite b to
meta-anthracite. The limts under classifications according to
rank are on a mneral-matter-free basis.

Rate of blowdown. A rate normally expressed as a percentage of
the incom ng water.

Raw water. Water supplied to the plant before treatnent.

Rear discharge stoker. A stoker so arranged that refuse is
di scharged fromthe grate surface at the end opposite the coal
fuel.

Reci procating grate. A grate elenent which has reciprocating
nmotion, usually for the purpose of fuel agitation.

Recircul ating line. Piping and connections on a heat exchanger
t hrough which fluid is returned fromthe outlet to the inlet.

Reduci ng at nosphere. An at nbsphere which tends to pronote the
renoval of oxygen fromimersed materi al s.

Reduction. Renoval of oxygen froma chem cal conpound.

Refractory. Material that will w thstand tenperatures above 50
degrees F without distortion or deterioration.

Regi ster burner. A type or class of burner. Air is admtted

t hrough one or nultiple zones of adjustable |ouvers which inpart
a rotary notion to the air. The flane is stabilized by the
swirling air fromthe register louvers and internal eddies

gener ated downstream of the diffuser and external eddies

gener ated downstream of the throat exit.

Regi ster retort. A trough or channel in an underfeed stoker,
extending within the furnace, through which fuel is forced upward
into the fuel bed.

Regul at or, gas pressure. A spring-|oaded, dead-weighted or
pressur e- bal anced device which will maintain a nearly constant
gas pressure to the burner supply |line.

Rel ative humdity. The ratio of the weight of water vapor
present in a unit volume of gas to the maxi mum possi bl e wei ght of
wat er vapor in unit volune of the sanme gas at the sane

t enmperature and pressure.
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Rel ay control. Utilizes el ectro-nechanical relays to perform

l ogic function (on/off status) as burner sequencing and/or safety
control. A relay control systemusually incorporates tiners
and/or notor-driven programtiners in addition to relays.

Residual oils. G1ls which are too heavy to be evaporated in any
normal evaporation or distillation process and are thus left over
fromthat process. Such oils are frequently cracked (high
tenperature fractionation) or catalytically cracked
(fractionation in presence of alumna-silica catalyst).

Retarder. A straight or helical strip inserted in a firetube
primarily to increase the turbul ence and i nprove heat transfer.
Al so cal l ed turbul ator.

Retractable blower. A soot blower in which the bl ow ng el enent
can be nechanically extended into and retracted out of the
boi |l er.

Return flow oil burner. A nmechanical atom zing oil burner in
whi ch part of oil supplied to the atom zer is wthdrawn and
returned to storage or to the oil line supplying the atom zer.

Rice. Anthracite coal size, otherwi se known as No. 2 Buckwheat -
t hr ough
5/ 16 inch over 3/16 inch round mesh screen.

Ri ngl emann chart. A series of four rectangular grids of black
[1nes of varying wdths printed on a white background, used as a
criterion of blackness for determ ning snoke density.

Ri ngl emann nunber. See Snoke Nunber, Ri nglemann.

Ri ser tube. A tube through which steam and water passes from an
upper waterwal |l header to a drum

Rolled joint. A joint nmade by expanding a tube into a hole by a
rol |l er expander.

Rotary oil burner. A burner in which atom zation is acconplished
by feeding oil to the inside of a rapidly rotating cup.

RTD. Resistance tenperature device.

Run of m ne. Unscreened bitum nous coal as it cones fromthe
m ne.

Saddl e. A casting, fabricated chair, or nenber used for the
pur pose of support.
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Safety shutdown. The action of shutting off fuel and ignition
energy to the burner by nmeans of safety control or controls such
that restart cannot be acconplished w thout operator action.

Safety valve. A spring |oaded valve that automatically opens
when pressure attains the valve setting. Used to prevent
excessive pressure frombuilding up in a boiler.

Sanpling. The renoval of a portion of a material for exam nation
or anal ysis.

Saturated air. Air which contains the nmaxi rum amount of water
vapor that it can hold at its tenperature and pressure.

Saturated steam Steam at the pressure corresponding to its
saturation tenperature.

Saturated water. Water at its boiling point.

Saturation tenperature. The tenperature at which evaporation
occurs at a particular pressure.

Scale. A hard coating or |layer of chemcal materials on interna
surfaces of boiler pressure parts.

Screen. A perforated plate, cylinder or nesh fabric, usually
mounted on a franme for separating coarser fromfiner parts.

Screening. The undersized coal froma screen process (often -3/4
inch or smaller, bitum nous).

Screw feed. A neans of introducing fuel by rotation of a screw.

Seal. A device to close openings between structures to prevent
| eakage.

Sealing air. Air at a pressure slightly exceedi ng boiler
internal gas pressures used to prevent flow of conbustion gases
fromescaping the boiler, usually taken froma FD fan.

Seal weld. A weld used primarily to obtain tightness and prevent
| eakage.

Seam The joint between two plates welded or riveted together.

Seam A continuous tubul ar deposit of vegetal or sedinentary
origin bedded between parallel strata of sandstone, shale, or
cl ay.
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Secondary conbustion. Conbustion which occurs as a result of
ignition at a point beyond the furnace (see al so Del ayed
Conmbusti on) .

Sedinment. Matter in water which is in suspension and can be
renmoved by gravity or nechani cal nmeans. Nonconbustible solid
matter which settles out at the bottomof an oil tank; a snal
percentage is present in residual fuel oils.

Sem -anthracite. A coal classification according to rank. Dry
fi xed carbon 85 percent or nore and |l ess than 92 percent and dry
vol atile matter 14 percent or less and nore than 8 percent, on a
m neral matter-free basis.

Sem - bitum nous. A forner coal classification according to rank,
including | ow vol atile bitum nous.

Sem -fused slag. Hard slag masses consisting of particles which
have partly fused together.

Separator. A device for separating solid matter from a conveying
fluid; an electromagnetic device for the renoval of nagnetic ores
or tranp iron from coal

Service water. General purpose water which may or may not have
been treated for a special purpose.

Set point. A control reference point which represents a desired
val ue of a neasured property.

Shaking grate. A grate fromwhich refuse is renoved by notion of
the grate causing the refuse to sift through openings in or
bet ween the grate.

Shell. The joint between two plates welded or riveted together.

Side air adm ssion. Adm ssion of air to the underside of a grate
fromthe sides of a chain or traveling grate stoker.

Side dunp stoker. A stoker so arranged that refuse is di scharged
froma dunp plate at the side of the stoker

Sieve. A |aboratory apparatus with nmeshes through which the
finer particles of a substance are passed to separate them from
the coarser particles.

Siftings. Fine particles of solid fuel which sift through a
grate.
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Signal. A continuous level of information, transmtted to or
fromcontrol devices, fromwhich there exists a maxi num and

m ni mum val ue defined by the transm ssion nethod and contr ol
interpretation. For exanple, an electronic signal may be based
on 4 to 20 mllianperes (M) of which 4 mA = the mnimumor O
percent and 20 mA = the maxi mum or 100 percent.

Silt. Finely divided anthracite obtained as a residue from
cl eani ng process.

Single point positioning. Fuel and air control elenents are
mechanically linked to a common actuator which nodul ates the two
control elenents as a unit in response to load. Fuel air ratio
is varied with firing rate by nmeans of a nmechani cal cam
arrangenent .

Single retort stoker. An underfeed stoker using one retort only
in the assenbly of a conpl ete stoker.

Skin casing. Casing located in direct contact with boiler tubes
used to maintain an airtight envel ope.

Sl ack. Screening, or fine coal; maxi mumtop size sel dom above
2-1/ 2 inches.

Sl acking. Breaking down of friable coals due to changes in
noi sture contents.

Slag. Mlten or fused solid matter.

Sl eeve. A tubular nenber through a wall to permt passage of
pi pe or other connections.

Slip seal. A seal between nenbers designed to permt novenent of
ei ther menber by slipping or sliding.

Slug. A large "dose" of internal chem cal treatnment applied
intermttently to a steamboiler. Al so sonetinmes used instead of
"primng" to denote a discharge of water froma boiler steam
outlet in relatively large intermttent anounts.

Snbg. Air pollution associated wi th oxidants.

Snoke. Small gas-borne particles of carbon or soot, less than 1
mcron (0.001 mm in size, resulting frominconplete conbustion
of carbonaceous materials and in sufficient nunber to be
observabl e.
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Snoke nunber, Ringlemann. An integer between O and 5 that is
used to describe the "darkness density" or degree of blackness of
a visible stack plune. The techni que involves conparing standard
Ri ngl emann charts to the stack plunme visually. A snoke nunber of
0 indicates conplete nonblack and a 5 indicates conpl ete bl ack.

Snoke spot nunber, Bacharach. An integer between 0 and 9 that is
used to indicate the relative snoke density of stack flue gas.
The technique is to draw a specified amount of stack gas through
filter paper and conpare the "snoke spot"” to standard shaded
snoke spots.

Softening. The act of renoving scale-formng cal cium and
magnesi um i npurities from water

Soft water. Water which contains little or no cal cium or
magnesi um salts, or water fromwhich scale-formng inpurities
have been renpved or reduced.

Solid state control. Uilizes solid state sem conduct or
conponents in a hardwred systemto performlogic and sequenci ng
control and/or process control. Any changes in system|l ogic
usual ly require rewiring, relocation/replacenent of conponents,
addi ti on of conponents, or any conbination thereof.

Soot. Carbon dust formed by inconplete conbustion.

Soot blower. A nechanical device for discharging steamor air to
cl ean heat absorbing surfaces.

SOP. Standard operating procedure.

SO, A notation neaning oxides of sulfur.

Spalling. The breaking off of the surface refractory material as
a result of internal stresses resulting froman excessive

t enperature gradient.

Specific heat. The quantity of heat, expressed in Btu, required
to raise the tenperature of 1 pound of a substance 1 degree F

Spl ash plate. An abrasion-resistant netal plate, formng the
back of an elbow in a pulverized fuel and air |ine, against which
the fluidized material strikes and is dispersed for the purpose
of obtaining uniformdistribution in the succeeding |line or

bur ner.

Splitter. Plates spaced in an el bow of a duct so disposed as to
gui de the flow of fluid through the el bow with uniform
distribution and to mnim ze pressure drop.
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Sponge ash. Accunul ation of dry ash particles into soft
structures having a spongy appearance.

Spont aneous conbustion. Ignition of conbustible materi al
foll ow ng sl ow oxidation w thout the application of high
tenperature from an external source.

Spray angle. The angle included between the sides of the cone
formed by liquid fuel discharged from nechanical, rotary
atom zers, and by sone forns of steamor air atom zers.

Sprayer plate. A netal plate used to atom ze the fuel in an
atom zer of an oil burner.

Spray nozzle. A nozzle fromwhich a liquid fuel is discharged in
the formof a spray.

Spray tower. A duct through which liquid particles flow counter-
current to a colum of gas: a fine spray is used when the object
is to concentrate the liquid, a coarse spray when the object is
to renmove solids and objectionable materials from gases.

Spud burner. A type of gas burner consisting of several pipes
wth orifices.

Spun ends. The ends of holl ow nmenbers closed by rolling nenbers
rigidly in position.

SSU. Saybolt seconds universal .

Stack. A vertical conduit to discharge conbustion products to
t he at nosphere. Al so called chi mey.

Stack effect. Hot gases, as in a chimey, that nove upward
because they are warner than the surroundi ng at nosphere.

Standard cubic foot. A standard cubic foot is referred to 60
degrees F and 14. 696 pounds per square inch pressure. A dry
cubic foot of air at these conditions weighs 0.0763 pound and has
a specific gravity of 1.00. Usually abbreviated SCF

Standard tenperature and pressure. Conditions at which a
standard vol une of gases is defined. Sonetinmes abbreviated as
STP.

1. Boilers (US.) - Standard tenperature is 60 degrees F
standard pressure is 14-7 psia.

2. Ar pollution control (U S ) - Standard tenperature is
70 degrees F, standard pressure is 14.7 psia.
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3. Oher - standard tenperature is 32 degrees F, standard
pressure is 14.7 psia.

St andard volune. The volune of a gas at standard tenperature and
pressure. In the US., this is normally expressed as standard
cubic feet.

Stationary grate. A grate having no noving parts.

Stay. A tensile stress nenber to hold material or other nenbers
rigidly in position.

Staybolt. A bolt threaded through or wel ded at each end, into
two spaced sheets of a firebox or box header to support flat
surfaces against internal pressure.

Steam The vapor phase of water substantially unm xed with other
gases.

Steam and water drum A pressure chanber | ocated at the upper
extremty of a boiler circulatory systemin which the steam
generated in the boiler is separated fromthe water and from
whi ch steamis discharged at a position above a water | eve

mai nt ai ned t herein.

Steam atom zing oil burner. A burner for firing oil which is
atom zed by steam It may be of the internal or external m xing

t ype.

Steamcooled wall. A wall partly or conpletely covered with
super heater or reheater tubes.

Steam done. A receptacle riveted or welded to the top sheet of a
firetube boiler through and fromwhich the steamis taken from
t he boiler.

Steamdryer. A series of screens, wres, or plates through which
steamis passed to renove entrai ned noi sture.

Stem gage. A gage for indicating the pressure of steam

Steamquality. The percent by weight of vapor in a steam and
wat er m xture.

St eam separator. A device for renoving the entrained water from
st eam

Stoi chionetric conbustion. The conplete oxidation of the
conbustible constituents of a fuel, utilizing the exact,
t heoretically required amunt of oxygen.

355



M L- HDBK- 1125/ 1
St oker. See Mechani cal St oker.

Stoker gate. An elenment of a stoker, placed at the point of
entrance of fuel into the furnace and by neans of which the depth
of fuel on the stoker grate may be controlled. It is generally
used in connection wth chain or traveling grate stokers and has
the formof guillotine.

Stoker grate. That part of the stoker within the space defined
by the walls of the furnace at the fuel bed |evel which fornms the
bott om of the furnace and supports the fuel bed. On a chain or
traveling grate stoker, the fuel bed is considered to be
supported only to the center line of the rear shaft or its
equi val ent .

Strainer, oil. A device, such as filter, to retain solid
particles allowing a liquid to pass.

Strength weld. A weld capable of wi thstanding a design stress.

Stringer support tube. Vertical tubes containing water or steam
whi ch act as supports for horizontally oriented convection
sur f ace.

Stub tube. A short tube welded to a pressure part for field
ext ensi on.

Stud. A projecting pin serving as a support or neans of
attachnent.

Stud tube. A tube having short studs welded to it.

Stud tube wall. A tube wall covered with refractory which is
hel d in place by stud anchors attached to the tubes.

Sub- bi tum nous coal. Coal classification according to rank:

1. Mist Btu 10,500 or nore and | ess than 11,500

2. Mist Btu 9,500 or nore and | ess than 10, 500

3. Mist Btu 8,300 or nore and | ess than 9, 500
Superheat. To raise the tenperature of steam above its
saturation tenperature. The tenperature in excess of its
saturation tenperature.

Super heated steam Steam at a higher tenperature than its
saturation tenperature.
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Super heater. A group of tubes which absorb heat fromthe
products of conbustion to raise the tenperature of the vapor
passi ng through the tubes above its saturation tenperature.

Supply tube. A tube which carries water to the inlet water
header .

Surface blowff. Renpval of water, foam etc., fromthe surface
at the water level in a boiler. The equipnment for such renoval.

Surface noisture. That portion of the noisture in the coal which
cones from external sources as water seepage, rain, snow,
condensation, etc.

Surge. The sudden displ acenent or novenent of water in a closed
vessel or drum

Suspended solids. Undissolved solid in boiler water.
Sweat. The condensation of npisture froma warm saturated
at nosphere on a cool er surface.

Swell. A slight weep in a boiler joint, not in sufficient anount
to formdrops.

Swi nging | oad. The sudden increase in the volune of the steamin
the water-steam m xture bel ow the water |evel

Tenpering noisture. A 